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NUCLEC ACIDS ENCODING PROSTATE 
STEM CELLANTIGEN 

This application is a continuation application of U.S. 
application Ser. No. 09/564,329 filed May 3, 2000, now 
issued U.S. Pat. No. 6,541,212, issued Apr. 1, 2003, which 
is a continuation-in-part (CIP) of U.S. Ser. No. 09/359,326, 
filed Jul. 20, 1999, now abandoned, which is a CIP of U.S. 
Ser. No. 09/318,503 filed May 25, 1999, now issued U.S. 
Pat. No. 6,261,791, issued on Jul. 17, 2001, which is a CIP 
of U.S. Ser. No. 09/251,835 filed Feb. 17, 1999, now issued 
U.S. Pat. No. 6,261,789, issued on Jul. 17, 2001, which is a 
CIP of U.S. Ser. No. 09/203,939 filed Dec. 2, 1998, now 
issued U.S. Pat. No. 6,258,939, issued on Jul. 10, 2001, 
which is a CIP of U.S. Ser. No. 09/038,261 filed Mar. 10, 
1998, now issued U.S. Pat. No. 6,267,960, issued Jul. 31, 
2001, claiming the priority of provisional applications, U.S. 
Ser. No. 60/228,816 filed Mar. 10, 1997; U.S. Ser. No. 
60/071,141 filed Jan. 12, 1998 and U.S. Ser. No. 60/074,675 
filed Feb. 13, 1998. Further, this application claims the 
priority of U.S. Ser. No. 09/564,329 filed May 3, 2000, 
which claims the benefit of the filing dates of U.S. Ser. No. 
60/113,230 filed Dec. 21, 1998, U.S. Ser. No. 60/120,536 
filed Feb. 17, 1999 and U.S. Ser. No. 60/124,658 filed Mar. 
16, 1999. The contents of all of the foregoing applications 
are incorporated by reference into the present application. 

Throughout this application, various publications are 
referenced within parentheses. The disclosures of these 
publications are hereby incorporated by reference herein in 
their entireties. 

BACKGROUND OF THE INVENTION 

Cancer is the Second leading cause of human death next 
to coronary disease. Worldwide, millions of people die from 
cancer every year. In the United States alone, cancer cause 
the death of well over a half-million people each year, with 
Some 1.4 million new cases diagnosed per year. While 
deaths from heart disease have been declining Significantly, 
those resulting from cancer generally are on the rise. In the 
early part of the next century, cancer is predicted to become 
the leading cause of death. 

Worldwide, Several cancers Stand out as the leading 
killers. In particular, carcinomas of the lung, prostate, breast, 
colon, pancreas, and ovary represent the leading causes of 
cancer death. These and Virtually all other carcinomas Share 
a common lethal feature. With very few exceptions, meta 
Static disease from a carcinoma is fatal. Moreover, even for 
those cancer patients that initially Survive their primary 
cancers, common experience has shown that their lives are 
dramatically altered. Many cancer patients experience 
Strong anxieties driven by the awareness of the potential for 
recurrence or treatment failure. Many cancer patients expe 
rience Significant physical debilitations following treatment. 

Generally Speaking, the fundamental problem in the man 
agement of the deadliest cancers is the lack of effective and 
non-toxic Systemic therapies. Molecular medicine, Still very 
much in its infancy, promises to redefine the ways in which 
these cancers are managed. Unquestionably, there is an 
intensive worldwide effort aimed at the development of 
novel molecular approaches to cancer diagnosis and treat 
ment. For example, there is a great interest in identifying 
truly tumor-specific genes and proteins that could be used as 
diagnostic and prognostic markers and/or therapeutic targets 
or agents. Research efforts in these areas are encouraging, 
and the increasing availability of useful molecular technolo 
gies has accelerated the acquisition of meaningful knowl 
edge about cancer. Nevertheless, progreSS is slow and gen 
erally uneven. 
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Recently, there has been a particularly Strong interest in 

identifying cell Surface tumor-specific antigens which might 
be useful as targets for various immunotherapeutic or Small 
molecule treatment Strategies. A large number of Such cell 
Surface antigens have been reported, and Some have proven 
to be reliably associated with one or more cancers. Much 
attention has been focused on the development of novel 
therapeutic Strategies which target these antigens. However, 
few truly effective immunological cancer treatments have 
resulted. 
The use of monoclonal antibodies to tumor-specific or 

over-expressed antigens in the treatment of Solid cancers is 
instructive. Although antibody therapy has been well 
researched for Some 20 years, only very recently have 
corresponding pharmaceuticals materialized. One example 
is the humanized anti-HER2/neu monoclonal antibody, 
Herceptin, recently approved for use in the treatment of 
metastatic breast cancers overexpressing the HER2/neu. 
receptor. Another is the human/mouse chimeric anti 
CD20/B cell lymphoma antibody, Rituxan, approved for the 
treatment of non-Hodgkin's lymphoma. Several other anti 
bodies are being evaluated for the treatment of cancer in 
clinical trials or in pre-clinical research, including a chimeric 
and a fully human IgG2 monoclonal antibody Specific for 
the epidermal growth factor receptor (Slovin et al., 1997, 
Proc. Am. Soc. Clin. Oncol. 16:311; Falcey et al., 1997, 
Proc. Am. Soc. Clin. Oncol. 16:383; Yang et al., 1999, 
Cancer Res. 59:1236). Evidently, antibody therapy is finally 
emerging from a long embryonic phase. Nevertheless, there 
is still a very great need for new, more-Specific tumor 
antigens for the application of antibody and other biological 
therapies. In addition, there is a corresponding need for 
tumor antigens which may be useful as markers for 
antibody-based diagnostic and imaging methods, hopefully 
leading to the development of earlier diagnosis and greater 
prognostic precision. 
AS discussed below, the management of prostate cancer 

Serves as a good example of the limited extent to which 
molecular biology has translated into real progreSS in the 
clinic. With limited exceptions, the situation is more or leSS 
the same for the other major carcinomas mentioned above. 

Worldwide, prostate cancer is the fourth most prevalent 
cancer in men. In North America and Northern Europe, it is 
by far the most common male cancer and is the Second 
leading cause of cancer death in men. In the United States 
alone, well over 40,000 men die annually of this disease, 
Second only to lung cancer. Despite the magnitude of these 
figures, there is still no effective treatment for metastatic 
prostate cancer. Surgical prostatectomy, radiation therapy, 
hormone ablation therapy, and chemotherapy remain as the 
main treatment modalities. Unfortunately, these treatments 
are clearly ineffective for many. Moreover, these treatments 
are often associated with Significant undesirable conse 
quences. 
On the diagnostic front, the Serum PSA assay has been a 

very useful tool. Nevertheless, the Specificity and general 
utility of PSA is widely regarded as lacking in several 
respects. Neither PSA testing, nor any other test nor bio 
logical marker has been proven capable of reliably identi 
fying early-stage disease. Similarly, there is no marker 
available for predicting the emergence of the typically fatal 
metastatic Stage of the disease. Diagnosis of metastatic 
prostate cancer is achieved by open Surgical or laparoscopic 
pelvic lymphadenectomy, whole body radionuclide Scans, 
skeletal radiography, and/or bone lesion biopsy analysis. 
Clearly, better imaging and other leSS invasive diagnostic 
methods offer the promise of easing the difficulty those 
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procedures place on a patient, as well as improving thera 
peutic options. However, until there are prostate tumor 
markers capable of reliably identifying early-stage disease, 
predicting Susceptibility to metastasis, and precisely imag 
ing tumors, the management of proState cancer will continue 
to be extremely difficult. Accordingly, more specific molecu 
lar tumor markers are clearly needed in the management of 
proState cancer. 

There are Some known markers which are expressed 
predominantly in prostate, Such as prostate Specific mem 
brane antigen (PSM), a hydrolase with 85% identity to a rat 
neuropeptidase (Carter et al., 1996, Proc. Natl. Acad. Sci. 
USA93: 749; Bzdega et al., 1997, J. Neurochem. 69: 2270). 
However, the expression of PSM in small intestine and brain 
(Israeli et al., 1994, Cancer Res. 54: 1807), as well its 
potential role in neuropeptide catabolism in brain, raises 
concern of potential neurotoxicity with anti-PSM therapies. 
Preliminary results using an Indium-111 labeled, anti-PSM 
monoclonal antibody to image recurrent prostate cancer 
show some promise (Sodee et al., 1996, Clin Nuc Med 21: 
759-766). More recently identified prostate cancer markers 
include PCTA-1 (Su et al., 1996, Proc. Natl. Acad. Sci. USA 
93: 7252). PCTA-1, a novel galectin, is largely secreted into 
the media of expressing cells and may hold promise as a 
diagnostic Serum marker for prostate cancer (Su et al., 
1996). Vaccines for prostate cancer are also being actively 
explored with a variety of antigens, including PSM and 
PSA. 

SUMMARY OF THE INVENTION 

The invention provides a novel prostate cell-Surface 
antigen, designated Prostate Stem Cell Antigen (PSCA), 
which is widely over-expressed acroSS all Stages of prostate 
cancer, including high grade prostatic intraepithelial neopla 
sia (PIN), androgen-dependent and androgen-independent 
prostate tumors. The PSCA gene shows 30% homology to 
stem cell antigen-2 (SCA-2), a member of the Thy-1/Ly-6 
family of glycosylphosphatidylinositol (GPI)-anchored cell 
Surface antigens, and encodes a 123 amino acid protein with 
an amino-terminal Signal Sequence, a carboxy-terminal GPI 
anchoring Sequence, and multiple N-glycosylation sites. 
PSCA mRNA expression is highly upregulated in both 
androgen dependent and androgen independent prostate 
cancer xenografts. In situ mRNA analysis localizes PSCA 
expression to the basal cell epithelium, the putative Stem cell 
compartment of the prostate. Flow cytometric analysis dem 
onstrates that PSCA is expressed predominantly on the cell 
Surface and is anchored by a GPI linkage. Fluorescent in Situ 
hybridization analysis localizes the PSCA gene to chromo 
Some 8q24.2, a region of allelic gain in more than 80% of 
proState cancerS. 
PSCA may be an optimal therapeutic target in view of its 

cell Surface location, greatly upregulated expression in cer 
tain types of cancer Such as prostate cancer cells. In this 
regard, the invention provides antibodies capable of binding 
to PSCA which can be used therapeutically to destroy or 
inhibit the growth of such cancer cells, or to block PSCA 
activity. In addition, PSCA proteins and PSCA-encoding 
nucleic acid molecules may be used in various immuno 
therapeutic methods to promote immune-mediated destruc 
tion or growth inhibition of tumors expressing PSCA. 
PSCA also may represent an ideal prostate cancer marker, 

which can be used to discriminate between malignant proS 
tate cancers, normal prostate glands and non-malignant 
neoplasias. For example, PSCA is expressed at very high 
levels in prostate cancer in relation to benign prostatic 
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hyperplasia (BPH). In contrast, the widely used prostate 
cancer marker PSA is expressed at high levels in both 
normal prostate and BPH, but at lower levels in prostate 
cancer, rendering PSA expression useleSS for distinguishing 
malignant prostate cancer from BPH or normal glands. 
Because PSCA expression is essentially the reverse of PSA 
expression, analysis of PSCA expression can be employed to 
distinguish prostate cancer from non-malignant conditions. 
The genes encoding both human and murine PSCA have 

been isolated and their coding Sequences elucidated and 
provided herein. Also provided are the amino acid Sequences 
of both human and murine PSCA. The invention further 
provides various diagnostic assays for the detection, 
monitoring, and prognosis of prostate cancer, including 
nucleic acid-based and immunological assays. PSCA 
Specific monoclonal and polyclonal antibodies and immu 
notherapeutic and other therapeutic methods of treating 
prostate cancer are also provided. These and other aspects of 
the invention are further described below. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1. Nucleotide (FIG. 1A, SEQ ID NO: 1) and trans 
lated amino acid (FIG. 1B SEQ ID NO:2) sequences of a 
cDNA encoding human PSCA (ATCC Designation 209612). 

FIG. 2. Nucleotide sequence (SEQ ID NO:3) of a cDNA 
encoding murine PSCA homologue and the translated amino 
acid sequence (SEQ ID NO:4). 

FIG. 3. Alignment of amino acid Sequences of human 
PSCA (SEQ ID NO:5), murine PSCA (SEQ ID NO:6), and 
human stem cell antigen-2 (hSCA-2) (SEQ ID NO:7). 
Shaded regions highlight conserved amino acids. Conserved 
cysteines are indicated by bold lettering. Four predicted 
N-glycosylation sites in PSCA are indicated by asterisks. 
The underlined amino acids at the beginning and end of the 
protein represent N terminal hydrophobic signal Sequences 
and C terminal GPI-anchoring Sequences, respectively. 

FIG. 4. Hydrophobicity plot of human PSCA. 
FIG. 5. Chou-Fassman analysis of human PSCA. 
FIG. 6. A western blot showing that monoclonal antibody 

1G8 binds LAPC9 (PSCA positive control) and a transi 
tional cell carcinoma (bladder carcinoma) designated blad 
der (Rob). 

FIG. 7. Restricted Expression of PSCA mRNA in normal 
and cancerous tissues. A. RT-PCR analysis of PSCA expres 
Sion in normal human tissues demonstrating high expression 
in prostate, placenta, and tonsils. 1 ng of reverse-transcribed 
first strand cDNA (Clontech, Palo Alto, Calif.) from the 
indicated tissues was amplified with PSCA gene Specific 
primers. Data shown are from 30 cycles of amplification. B: 
RT-PCR analysis of PSCA expression demonstrating high 
level in prostate cancer Xenografts and normal tissue. 5 ng 
of reverse-transcribed cDNA from the indicated tissues were 
amplified with PSCA gene Specific primers. Amplification 
with 3-actin gene Specific primerS demonstrate normaliza 
tion of the first strand cDNA of the various samples. Data 
shown are from 25 cycles of amplification. AD, androgen 
dependent, AI, androgen-independent; IT, intratibial 
Xenograft, C.L., cell line. 

FIG. 8. Schematic representation of human Thy-1/Ly-6 
(A), murine PSCA (B), and human PSCA (C) gene struc 
tureS. 

FIG. 9. Northern blot analysis of PSCA RNA expression. 
A: Total RNA from normal prostate and LAPC-4 androgen 
dependent (AD) and independent (AI) prostate cancer 
xenografts were analyzed using PSCA or PSA specific 
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probes. Equivalent RNA loading and RNA integrity were 
demonstrated Separately by ethidium Staining for 18S and 
28S RNA. B. Human multiple tissue Northern blot analysis 
of PSCA RNA. The filter was obtained from Clontech (Palo 
Alto, Calif.) and contains 2 ug of polyA RNA in each lane. 

FIG. 10. Northern blot comparison of PSCA (FIG. 10), 
PSMA (FIG. 10B), and PSA (FIG. 10C) RNA expression in 
prostate cancer Xenografis and tumor cell lines. PSCA and 
PSMA demonstrate high level prostate cancer Specific gene 
expression. 10 ug of total RNA from the indicated tissues 
were size fractionated on an agarose/formaldehyde gel, 
transferred to nitrocellulose, and hybridized Sequentially 
with 'P-labelled probes representing PSCA, PSMA, and 
PSA cDNA fragments. Shown are 4 hour and 72 hour 
autoradiographic exposures of the membrane and the 
ethidium bromide gel demonstrating equivalent loading of 
Samples. BPH, benign prostatic hyperplasia; AD, androgen 
dependent, AI, androgen-independent; IT, intratibial 
Xenograft, C.L., cell line. 

FIG. 11. In situ hybridization with antisense riboprobe for 
human PSCA RNA on normal and malignant prostate speci 
mens. A: PSCA RNA is expressed by a subset of basal cells 
within the basal cell epithelium (black arrows), but not by 
the terminally differentiated Secretory cells lining the proS 
tatic ducts (400x magnification). B: PSCARNA is expressed 
Strongly by a high grade prostatic intraepithelial neoplasia 
(PIN) (black arrow) and by invasive prostate cancer glands 
(yellow arrows), but is not detectable in normal epithelium 
(green arrow) at 40x magnification. C. Strong expression of 
PSCA RNA in a case of high grade carcinoma (200x 
magnification). 

FIG. 12. Biochemical analysis of PSCA protein. A. PSCA 
protein was immunoprecipitated from 293T cells transiently 
transfected with a PSCA construct and then digested with 
either N-glycosidase F or O-glycosidase, as described in 
Materials and Methods. B: PSCA protein was immunopre 
cipitated from 293T transfected cells, as well as from 
conditioned media of these cells . Cell-associated PSCA 
migrates higher than secreted or shed PSCA on a 15% 
polyacrylamide gel. C:FACS analysis of mock-transfected 
293T cells, PSCA-transfected 293T cells and LAPC-4 pros 
tate cancer Xenograft cells using an affinity purified poly 
clonal anti-PSCA antibody. Cells were not permeabilized in 
order to detect only Surface expression. The y axis represents 
relative cell number and the X axis represents fluorescent 
Staining intensity on a logarithmic Scale. 

FIG. 13. In situ hybridization of biotin-labeled PSCA 
probes to human metaphase cells from phytohemagglutinin 
Stimulated peripheral blood lymphocytes. The chromosome 
8 homologues are identified with arrows, Specific labeling 
was observed at 8q24.2. The inset shows partial karyotypes 
of two chromosome 8 homologues illustrating Specific label 
ing at 8q24.2 (arrowheads). Images were obtained using a 
Zeiss Axiophot microscope coupled to a cooled charge 
coupled device (CCD) camera. Separate images of DAPI 
Stained chromosomes and the hybridization signal were 
merged using image analysis Software (NU200 and Image 
1.57). 

FIG. 14. Flow Cytometric analysis of cell surface PSCA 
protein expression on prostate cancer Xenograft (LAPC-9, 
FIG. 14A), prostate cancer cell line (LAPC-4, FIG. 14B) and 
normal prostate epithelial cells (PreC, FIG. 14C) using 
anti-PSCA monoclonal antibodies 1G8 and 3E6, mouse 
anti-PSCA polyclonal Serum, or control Secondary antibody. 
See Example 5 for details. 

FIG. 15. (a) An epitope map for each of the seven 
disclosed antibodies. (b) Epitope mapping of anti-PSCA 
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6 
monoclonal antibodies conducted by Western blot analysis 
of GST-PSCA fusion proteins. 

FIG. 16. FIG.16A: Alignment of amino acid sequences of 
human PSCA (SEQ ID NO:5), murine PSCA (SEQ ID 
NO:6), and human stem cell antigen-2 (hSCA-2) (SEQ ID 
NO:7). Shaded regions highlight conserved amino acids. 
FIG. 16B: A schematic diagram showing that PSCA is a 
GPI-anchored protein. 

FIG. 17. A photograph showing a FISH analysis of PSCA 
and c-myc Gene Copy No. in prostate cancer. 

FIG. 18. A photograph showing FITC labeled 1G8 anti 
bodies strongly bind PSCA protein on PSCA transfected 
LNCAP cells. 

FIG. 19. A photograph showing FITC labeled 1G8 anti 
bodies weakly bind PreC cells. 

FIG. 20. A photograph showing in situ RNA hybridization 
of PSCA in normal prostate basal cells. 

FIG. 21. PSCA immunostaining in primary prostate can 
cers. Representative paraffin-embedded Sections from four 
patients were stained with anti-PSCA mAbs. The specimen 
from patient 1 demonstrates overexpression of PSCA protein 
in a Gleason grade 4 tumor (arrow) and undetectable expres 
Sion of PSCA in adjacent normal glands (arrowhead) using 
PSCA mAb 1G8. The positively staining cancer completely 
Surrounds the normal glands. The Specimen from patient 2 
demonstrates heterogeneous Staining in a Gleason grade 
3+3/4 cancer. The Gleason pattern 3 glands (arrowhead) 
Stain weakly compared with the larger, more cribriform 
appearing Gleason pattern 3/4 glands (arrow). The specimen 
from patient 3 demonstrates strong expression of PSCA by 
a poorly differentiated Gleason 5 (arrow) tumor with mAb 
1G8. Patient 4 is a biopsy specimen showing no PSCA 
Staining in the majority of a poorly differentiated tumor 
(arrowhead) and extremely weak staining in a cribriform 
focus identified in the Specimen. The matched bone metasta 
sis from patient 4 is shown in FIG. 28. 

FIG. 22. A photograph of a bone Sample showing bone 
metastases of prostate cancer as determined by biotinylated 
1G8 monoclonal antibody linked to horseradish peroxidase 
conjugated Streptavidin. 

FIG. 23. A photograph of a bone Sample showing bone 
metastases of prostate cancer as determined by biotinylated 
1G8 monoclonal antibody linked to horseradish peroxidase 
conjugated Streptavidin. 

FIG. 24. A photograph of a bone Sample showing bone 
metastases of prostate cancer as determined by biotinylated 
3E6 monoclonal antibody linked to horseradish peroxidase 
conjugated Streptavidin. 

FIG. 25. A northern blot showing increased level of PSCA 
RNA in LAPC9 and transitional cell carcinoma of an 
advanced bladder carcinoma. 

FIG. 26. A photograph of a tissue undergoing early Stage 
prostate cancer as determined by biotinylated 3E6 mono 
clonal antibody linked to horseradish peroxidase-conjugated 
Streptavidin. 

FIG. 27. A photograph of a bone sample showing bone 
metastases of prostate cancer as determined by hematoxylin 
stained 3E6 monoclonal antibody. 

FIG. 28. PSCA immunostaining in prostate cancer bone 
metastases. The top panel shows the hematoxylin and eosin 
(left) and PSCA (right) staining of a bony lesion from patient 
5. A single focus Suspicious for cancer (arrow) was identified 
in the H and E Section and confirmed by intense Staining 
with anti-PSCA mAb 1G8 (arrow). The bottom panel shows 
the H and E (left) and PSCA staining of a bone lesion from 
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patient 4. The primary lesion from patient 4 is depicted in 
FIG. 21. Both the H and E and PSCA Stains show diffuse 
bony involvement by prostate cancer (arrows). Again, PSCA 
immunostaining in the bone metastasis is uniform and 
intense. 

FIG. 29. A photograph of a tissue undergoing early stage 
prostate cancer as determined by biotinylated 1G8 mono 
clonal antibody linked to horseradish peroxidase-conjugated 
Streptavidin. 

FIG. 30. A photograph showing that 1G8 binds LAPC9 
cells as determined by hematoxylin Staining. 

FIG. 31. A photograph showing that 1G8 binds PSCA 
transfected LnCaP cells. 

FIG. 32. A photograph showing that 1G8 does not bind 
LnCaP cells (not transfected with PSCA). 

FIG. 33. Flow cytometric recognition of PSCA on the cell 
surface of nonpermeabilized LAPC-9 human prostate cancer 
cells using mAbs 1G8, 2H9, 3E6, 3C5 and 4A10. Staining 
was compared to an irrelevant isotype control antibody. 

FIG. 34. A photograph showing 293T cells transiently 
transfected with PSCA and immunoblotted with PSCA 
monoclonal antibodies. Monoclonal antibodies 2H9 and 3E6 
binds deglycosylated PSCA but does not bind glycosylated 
PSCA in 293T cells. In contrast, monoclonal antibodies 
1G8, 3C5, and 4A10 recognizes glycosylated PSCA. 

FIG. 35. Immunofluorescent analysis demonstrating cell 
Surface expression of PSCA in nonpermeabilized prostate 
cancer cells. LNCaP cells were stably transfected. with 
PSCA and stained with mAbs 1G8, 3E6, 3C5 and 4A10. 
Negative controls included irrelevant isotype antibody and 
LNCaP cells transfected with control vector, all of which 
showed no Staining even after prolonged exposures. 

FIG. 36. A photograph showing monoclonal antibody 
2H9 binds LAPC9 cells. 

FIG. 37. A photograph showing immunological reactivity 
of anti-PSCA mAbs. (A) Immunoprecipitation of PSCA 
from 293T cells transiently transfected with PSCA using 
mAbs 1G8, 2H9, 3C5, 3E6 and 4A10. The control was an 
irrelevant murine IgG mAb. (B) Immunoblot analysis of 
293T cells transiently transfected with PSCA using the five 
anti-PSCA mAbs. mAbs 1G8, 3C5 and 4A10 all recognize 
equivalent molecular forms of PSCA, whereas mAbs 2H9 
and 3E6 only weakly recognize deglycosylated forms of 
PSCA in 293TPSCA cells in this assay. 

FIG. 38. Immunohistochemical staining of normal pros 
tate with anti-PSCA mAbs. Examples shown include a 
normal gland Stained with an irrelevant isotype antibody as 
a negative control (arrow), PSCA mAb 3E6 and mAb 1G8. 
PSCA mAb 3E6 preferentially stains basal cells (arrow) 
when compared with Secretory cells (arrowhead), whereas 
mAb 1G8 stains both basal (arrow) and secretory 
(arrowhead) cells equally. Also shown is strong staining of 
an atrophic Single-layered gland from a normal prostate 
specimen stained with PSCA mAb 2H9. 

FIG. 39. Expression of PSCA protein in normal tissues. 
(A) Panel a shows staining of bladder transitional epithelium 
with mAb 1G8. Panel b shows colonic neuroendocrine cell 
Staining with mAb 1G8. Double staining with chromogranin 
confirmed that the positive cells are of neuroendocrine 
origin (not shown). Panel c shows staining of collecting 
ducts (arrow) and tubules with mAb 3E6. Panel d show 
staining of placental trophoblasts with mAb 3E6. (B) North 
ern blot analysis of PSCA mRNA expression. Total RNA 
from normal prostate, kidney, bladder and the LAPC-9 
prostate cancer Xenograft was analyzed using a PSCA Spe 
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8 
cific probe (top panel). The same membrane was probed 
with actin to control of loading differences (bottom panel). 

FIG. 40. Targeting of mouse PSCA gene. (A) Panel a is a 
Schematic drawing showing a strategy for creating a PSCA 
targeting vector. (B) Panel b is a photograph of a Southern 
blot analysis of genomic DNA using 3' probe showing 
recovery of wild-type (+/-) and heterozygous (+/-) ES cells. 

FIG. 41. The upper panel is a Schematic drawing of a 
Strategy for generating transgenic mouse models of prostate 
cancer. The lower panel is a list of existing transgenic mouse 
models of prostate cancer. 

FIG. 42. A Schematic drawing Showing reporter gene 
constructs for transfection assay. 

FIG. 43. A bar graph showing the tissue-predominant 
expression (prostate and bladder cells) of the 9 kb human 
PSCA upstream regulatory region having increased gene 
expression activity. 

FIG. 44. Bar graphs identifying prostate-predominant 
expression elements within PSCA upstream regions having 
increased gene expression activity, i.e., the 9 kb, 6 kb, 3 kb, 
and 1 kb PSCA regions. 

FIG. 45. A schematic drawing showing the design of 
transgenic vectors containing either a 9 kb or 6 kb human 
PSCA upstream region operatively linked to a detectable 
marker. 

FIG. 46. Photographs showing that the 9 kb PSCA 
upstream region drives reporter gene expression in prostate, 
bladder and skin in vivo. 

FIG. 47. Photographs of multiple tissue northern blot 
analysis showing tissue specific expression patterns of 
human and murine PSCA RNA. 

FIG. 48. Complete inhibition of LAPC-9 prostate tumor 
growth in SCID mice by treatment with anti-PSCA mono 
clonal antibodies. The upper panel represents mice injected 
with LAPC-9 s.c. and treated with a mouse IgG control, 
while in the lower panel mice were injected with LAPC-9 
S.c. but treated with the anti-PSCA mAb cocktail. Each data 
point represents the ellipsoidal Volume of tumors at Specified 
time points as described in Example 18-A, infra. In the 
anti-PSCA group, an arbitrary value of 20 was given for all 
data points to create a line, although the actual tumor volume 
was 0 (Example 18-A, infra). 

FIG. 49. Characteristics of anti-PSCA monoclonal anti 
bodies utilized in the in Vivo tumor challenge Study 
described in Example 18. (A) Isotype and epitope map: The 
region of PSCA protein recognized by the anti-PSCA mAbs 
was determined by ELISA analysis using GST-fusion pro 
teins (50 ng/well) encoding the indicated amino acids of 
PSCA. Following incubation of wells with hybridoma 
Supernatants, anti-mouse-HRP conjugate antibody was 
added and reactivity was determined by the addition of 3,3' 
5,5'-Tetramethylbenzidine base (TMB) substrate. Optical 
densities (450 nm) are the means of duplicate determina 
tions. (B) Epitope map determined by Western analysis: 50 
ng of the indicated GST-PSCA fusion protein was separated 
by SDS-PAGE and transferred to nitrocellulose. Western 
analysis was carried out by incubation of blots with hybri 
doma Supernatants followed by anti-mouse-HRP secondary 
Ab and Visualized by enhanced chemiluminesence. 

FIG. 50. Schematic representations of PSCA Capture 
ELISA. (A) Standardization and control antigens: A GST. 
fusion protein encoding amino acids 18-98 of the PSCA 
protein is used for generating a Standard curve for quanti 
fication of unknown Samples. Also depicted are approximate 
epitope binding regions of the anti-PSCA monoclonal and 
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polyclonal antibodies used in the ELISA. A secreted recom 
binant mammalian expressed form of PSCA is used for 
quality control of the ELISA assay. This protein contains an 
Ig leader Sequence to direct Secretion of the recombinant 
protein and MYC and 6xHIS epitope tags for affinity puri 
fication. (B) ELISA format schematic. 

FIG. 51. Quantification of recombinant Secreted PSCA 
protein. (A) PSCA capture ELISA standard curve. (B) 
Quantification of PSCA protein secreted by mammalian 
cells. 2 day conditioned tissue culture Supernatants from 
either 293T cells transfected with empty vector or with 
vector encoding recombinant secreted PSCA (secPSCA) 
was mixed with an equal volume of either PBS or normal 
human serum (Omega Scientific) and analyzed for the 
presence of PSCA protein. Data are the means of duplicate 
determinations:trange. ND not detectable. 

FIG. 52. Immunohistochemical Analysis of cell pellet, 
LAPC9AD xenograft, a BPH sample, and a prostate carci 
noma tissue using anti-PSCA monoclonal antibody 3C5. 

FIG. 53. Inhibition of LAPC-9 tumor growth by anti 
PSCA monoclonal antibodies. The top panel represents mice 
injected with 1x10" LAPC-9 s.c. and treated with a mouse 
IgG control (n=10), the middle panel represents mice 
injected with LAPC-9 s.c. and treated with anti-PSCA mAb 
cocktail (n=10), the bottom panel represents mice injected 
with LAPC-9 s.c. and treated with bovine IgG (n=5). Each 
data point represents the ellipsoidal Volume of tumors at 
Specified time points as described in Example 18-B. 

FIG. 54. Inhibition of LAPC-9 tumor growth by the 
anti-PSCA monoclonal antibody 1G8. The upper panel 
represents mice injected with 1x10" LAPC-9 s.c. and treated 
with a mouse IgG control (n=6), while in the lower panel 
mice were injected with LAPC-9 s.c. but treated with the 
anti-PSCA mAb 1G8 (n=7). Each data point represents the 
ellipsoidal Volume of tumors at Specified time points. 

FIG. 55. Inhibition of LAPC-9 tumor growth by anti 
PSCA monoclonal antibodies 2A2 and 2H9. The upper panel 
represents mice injected with 1x10" LAPC-9 s.c. and treated 
with either a mouse IgG control (n=6) or the 2A2 mAb 
(n=7). The lower panel represents mice injected with 
LAPC-9 s.c. and treated with the same mouse IgG control 
(n=6) or the 2H9 mAb (n=7). All data points represent the 
mean ellipsoidal volume of tumors (mm) at the specified 
time points. Error bars represent Standard error of the mean 
(SEM). 

FIG. 56. Circulating PSA levels in LAPC-9 tumor 
injected mice after treatment with anti-PSCA mAbs 2A2 and 
2H9. The upper panel represents the mice injected with 
1x10" LAPC-9 s.c. and treated with either the mouse IgG 
control (n=6) or the 2A2 mAb (n=7). The lower panel 
represents mice injected with LAPC-9 s.c. but treated with 
either the same mouse IgG control (n=6) or the 2H9 mAb 
(n=7). Each data point represents the mean PSA level 
determined from the Serum of mice at Weekly time points. 
Error bars represent standard error of the mean (SEM). 

FIG.57. Inhibition of established LAPC-9 prostate cancer 
xenografts by PSCA monoclonal antibody 3C5. See 
Example 18-C4 for details. 

FIG. 58. Nucleotide sequence (SEQ ID NO:10) and 
amino acid sequence (SEQ ID NO:11) of the heavy chain 
variable domain regions of PSCA monoclonal antibodies 
1G8. CDRS are labeled and underlined. 

FIG. 59. Nucleotide sequence (SEQ ID NO:12) and 
amino acid sequence (SEQ ID NO:13) of the heavy chain 
variable domain regions of PSCA monoclonal antibodies 
4A10. CDRS are labeled and underlined. 
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FIG. 60. Nucleotide sequence (SEQ ID NO:14) and 

amino acid sequence (SEQ ID NO:15) of the heavy chain 
variable domain regions of PSCA monoclonal antibodies 
2H9. CDRS are labeled and underlined. 

FIG. 61. Amino acid sequence alignments of CDRs of 
PSCA mAbs 1G8, 4A10 and 2H9. 

FIG. 62. Photographs showing PSCA protein expression 
in normal bladder and various bladder carcinoma tissues 
using immunohistochemical Staining of paraffin-embedded 
samples with PSCA mAb 1G8. FIG. 62A, normal bladder 
tissue, FIG. 62B, non-invasive Superficial papillar tissue; 
FIG. 62C, high grade pre-cancerous lesion; FIG. 62D, 
invasive bladder cancer tissue. 

FIG. 63. Northern blot analysis of PSCA expression in 
Several pancreatic cancer cells lines. Northern blot analysis 
of PSCA expression in normal prostate and Several prostate 
cancer Xenografts are shown alongside for comparison. 
RNA levels between all samples were normalized. 

FIG. 64. Western blot analysis of PSCA protein expres 
Sion in prostate and pancreatic cancer cell line using PSCA 
mab 1G8. 

FIG. 65. PSCA mAbs exert growth inhibitory effect 
through PSCA protein. The growth inhibitory effect of 
PSCA mAb 1G8 on LAPC-9 and PC-3 prostate tumors is 
compared, showing no effect on PC-3 tumors, which do not 
express PSCA antigen, but significant growth inhibition in 
LAPC-9 tumors, which do express PSCA antigen. See 
Examples 18-C1, -C3 for details. 

FIG. 66. Growth inhibition of established LAPC-9 (AD) 
orthotopic tumors by the anti-PSCA mAb 1G8. (A) Mice 
having low levels of serum PSA. Two mg of 1G8 was 
administered to these mice on days 10, 13, and 15, followed 
by one mg on days 17, 20, 22, 25, 27, 29, 34, 41, and 49 as 
indicated by the arrows. (B) Mice having moderate levels of 
serum PSA. One mg of 1G8 was administered on days 12, 
13, 14, 19, 20, 22, 25, 27, 29, and 33 as indicated by the 

OWS. 

FIG. 67. Treatment with the anti-PSCA mAb, 1G8, 
increases survival of mice bearing established LAPC-9 (AD) 
orthotopic tumors. (A) The mice in FIG. 66A, which were 
treated with 1G8, exhibited an increase in Survival compared 
to mice treated with PBS. (B) The mice in FIG. 66B, which 
were treated with 1G8, exhibited an increase in Survival 
compared to mice treated with PBS. 

FIG. 68. Growth inhibition of established LAPC-9 AD 
orthotopic tumors by, the anti-PSCA mAb3C5. (A) One mg 
of 3C5 was administered to tumor-bearing mice on days 6, 
8, 10, 13, 15, 17, 20, 22, 24, and 29 as indicated by the 
arrows. The mice were bled on the days indicated on the 
X-axis for PSA determinations. (B) Two mg of 3C5 was 
administered to tumor-bearing mice on days 9, 12, and 15, 
followed by one mg on days 18, 20, 22, 25, 27, and 29 as 
indicated by the arrows. The mice were bled on the days 
indicated on the X-axis for PSA determinations. 

FIG. 69. Treatment with the anti-PSCA mAb, 3C5, 
increases survival of mice bearing LAPC-9 AD orthotopic 
tumors. (A) The mice in FIG. 68A, which were treated with 
3C5, exhibited an increase in Survival compared to mice 
treated with PBS. There were 4 mice in the PBS-treated 
group and 5 mice in the 3C5-treated group. (B) The mice in 
FIG. 68B, which were treated with 3C5, exhibited an 
increase in Survival compared to mice treated with PBS. 
There were 6 mice in both the PBS-treated and 3C5-treated 
groupS. 

FIG. 70. Growth inhibition of established PC3-PSCA 
tumors by 1G8 alone or in combination with doxorubicin. 
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One mg of 1G8 was administered to tumor-bearing mice on 
days 9, 11, 14, 16, 18, 21, 23, 25, and 28 as indicated by the 
arrows. Twenty-five micrograms of doxorubicin was admin 
istered on days 9, 16, and 23 as indicated by the (O) symbol. 

FIG. 71. Anti-PSCA antibody administered to tumor 
bearing mice circulates and targets tumors expressing PSCA 
A) Immunohistochemistry of a tumor explant from a mouse, 
bearing an established PSCA-expressing tumor, treated with 
3C5. B) Immunohistochemistry of a tumor explant from a 
mouse, bearing an established PSCA-expressing tumor, 
treated with mouse IgG. 

FIG. 72. Anti-PSCA antibody administered to a tumor 
bearing mouse circulates and targets tumors expressing 
PSCA. A Western blot analysis of tumor lysates from tumors 
explanted from mice described in FIG. 71, probed with goat 
anti-mouse IgG-HRP antibody. 

FIG. 73. Anti-PSCA antibody administered to a tumor 
bearing mouse circulates and targets tumors expressing 
PSCA. A Western blot analysis of tumor lysates from tumors 
explanted from mice bearing established PSCA-expressing 
tumors, treated with 1G8. The blot was probed with goat 
anti-mouse IgG-HRP antibody. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to Prostate Stem Cell Anti 
gen (hereinafter “PSCA”). PSCA is a novel, glycosylphos 
phatidylinositol (GPI)-anchored cell surface antigen (FIG. 
16A and 16B) which is expressed in nonnal cells such 
prostate cells, urothelium, renal collecting ducts, colonic 
neuroendocrine cells, placenta, normal bladder and urethral 
transitional epithelial cells. PSCA, in addition to normal 
cells, is also overexpressed by both androgen-dependent and 
androgen-independent prostate cancer cells (FIG. 9-11), 
prostate cancer metastases to bone (FIG. 20-24 and 26–32), 
bladder carcinomas (FIGS. 6, 25 and 62), and pancreatic 
carcinomas (FIGS. 63 and 64). The expression of PSCA in 
cancer, e.g., prostate cancer and bladder cancer, appears to 
correlate with increasing grade. Further, overexpression of 
PSCA (i.e. higher expression than found in normal cells) in 
patients Suffering from cancer, e.g., prostate cancer, appears 
to be indicative of poor prognosis. 
PSCA mRNA is also expressed by a subset of basal cells 

in normal prostate. The basal cell epithelium is believed to 
contain the progenitor cells for the terminally differentiated 
secretory cells (Bonkhoffet al., 1994, Prostate 24: 114-118). 
Recent Studies using cytokeratin markerS Suggest that the 
basal cell epithelium contains at least two distinct cellular 
Subpopulations, one expressing cytokeratins 5 and 14 and 
the other cytokeratins 5, 8 and 18 (Bonkhoff and Remberger, 
1996, Prostate 28: 98-106). The finding that PSCA is 
expressed by only a Subset of basal cells Suggests that PSCA 
may be a marker for one of these two basal cell lineages. 

The biological function of PSCA is unknown. The Ly-6 
gene family is involved in diverse cellular functions, includ 
ing Signal transduction and cell-cell adhesion. Signaling 
through SCA-2 has been demonstrated to prevent apoptosis 
in immature thymocytes (Noda et al., 1996, J. Exp. Med. 
183: 2355-2360). Thy-1 is involved in T cell activation and 
transmits signals through Src-like tyrosine kinases (Thomas 
et al., 1992, J. Biol. Chem. 267: 12317-12322). Ly-6 genes 
have been implicated both in tumorigenesis and in homo 
typic cell adhesion (Bamezai and Rock, 1995, Proc. Natl. 
Acad. Sci. USA 92: 4294-4298; Katz et al., 1994, Int. J. 
Cancer 59: 684-691; Brakenhoff et al., 1995, J. Cell Biol. 
129: 1677-1689). Based on its restricted expression in basal 
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cells and its homology to Sca-2, we hypothesize that PSCA 
may play a role in Stem/progenitor cell functions Such as 
Self-renewal (anti-apoptosis) and/or proliferation. 
PSCA is highly conserved in mice and humans. The 

identification of a conserved gene which is predominantly 
restricted to prostate Supports the hypothesis that PSCA may 
play an important role in normal prostate development. 

In its various aspects, as described in detail below, the 
present invention provides PSCA proteins, antibodies, 
nucleic acid molecules, recombinant DNA molecules, trans 
formed host cells, generation methods, assays, immuno 
therapeutic methods, transgenic animals, immunological 
and nucleic acid-based assays, and compositions. 
PSCA Proteins 
One aspect of the invention provides various PSCA 

proteins and peptide fragments thereof. AS used herein, 
PSCA refers to a protein that has the amino acid Sequence of 
human PSCA as provided in FIGS. 1B and 3, the amino acid 
Sequence of the murine PSCA homologue as provided in 
FIG. 3, or the amino acid Sequence of other mammalian 
PSCA homologues, as well as allelic variants and conser 
vative substitution mutants of these proteins that have PSCA 
activity. The PSCA proteins of the invention include the 
Specifically identified and characterized variants herein 
described, as well as allelic variants, conservative Substitu 
tion variants and homologs that can be isolated/generated 
and characterized without undue experimentation following 
the methods outlined below. For the sake of convenience, all 
PSCA proteins will be collectively referred to as the PSCA 
proteins, the proteins of the invention, or PSCA. 
The term “PSCA includes all naturally occurring allelic 

variants, isoforms, and precursors of human PSCA as pro 
vided in FIGS. 1B and 3 and murine PSCA as provided in 
FIG. 3. In general, for example, naturally occurring allelic 
variants of human PSCA will share significant homology 
(e.g., 70-90%) to the PSCA amino acid sequence provided 
in FIGS. 1B and 3. Allelic variants, though possessing a 
Slightly different amino acid Sequence, may be expressed on 
the Surface of prostate cells as a GPI linked protein or may 
be secreted or shed. Typically, allelic variants of the PSCA 
protein will contain conservative amino acid Substitutions 
from the PSCA sequence herein described or will contain a 
Substitution of an amino acid from a corresponding position 
in a PSCA homologue Such as, for example, the murine 
PSCA homologue described herein. 
One class of PSCA allelic variants will be proteins that 

share a high degree of homology with at least a Small region 
of the PSCA amino acid sequences presented in FIGS. 1B 
and 3, but will further contain a radical departure from the 
Sequence, Such as a non-conservative Substitution, 
truncation, insertion or frame shift. Such alleles are termed 
mutant alleles of PSCA and represent proteins that typically 
do not perform the same biological functions. 

Conservative amino acid Substitutions can frequently be 
made in a protein without altering either the conformation or 
the function of the protein. Such changes include Substitut 
ing any of isoleucine (I), Valine (V), and leucine (L) for any 
other of these hydrophobic amino acids; aspartic acid (D) for 
glutamic acid (E) and Vice versa; glutamine (Q) for aspar 
agine (N) and Vice versa; and Serine (S) for threonine (T) and 
Vice versa. Other Substitutions can also be considered 
conservative, depending on the environment of the particu 
lar amino acid and its role in the three-dimensional Structure 
of the protein. For example, glycine (G) and alanine (A) can 
frequently be interchangeable, as can alanine (A) and valine 
(V). Methionine (M), which is relatively hydrophobic, can 
frequently be interchanged with leucine and isoleucine, and 
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Sometimes with valine. Lysine (K) and arginine (R) are 
frequently interchangeable in locations in which the Signifi 
cant feature of the amino acid residue is its charge and the 
differing pK’s of these two amino acid residues are not 
Significant. Still other changes can be considered “conser 
Vative' in particular environments. 

The amino acid sequence of human PSCA protein is 
provided in FIGS. 1B and 3. Human PSCA is comprised of 
a single Subunit of 123 amino acids and contains an amino 
terminal signal Sequence, a carboxy-terminal GPI-anchoring 
Sequence, and multiple N-glycosylation Sites. PSCA shows 
30% homology to stem cell antigen-2 (SCA-2), a member of 
the Thy-1/Ly-6 gene family, a group of cell Surface proteins 
which mark the earliest phases of hematopoetic develop 
ment. The amino acid sequence of a murine PSCA homo 
logue is shown in FIG. 3. Murine PSCA is a single subunit 
protein of 123 amino acids having approximately 70% 
homology to human PSCA and Similar structural organiza 
tion. 
PSCA proteins may be embodied in many forms, prefer 

ably in an isolated form. AS used herein, a protein is Said to 
be isolated when physical, mechanical or chemical methods 
are employed to remove the PSCA protein from cellular 
constituents that are normally associated with the protein. A 
skilled artisan can readily employ Standard purification 
methods to obtain an isolated PSCA protein. A purified 
PSCA protein molecule will be substantially free of other 
proteins or molecules that impair the binding of PSCA to 
antibody or other ligand. The nature and degree of isolation 
and purification will depend on the intended use. Embodi 
ments of the PSCA protein include a purified PSCA protein 
and a functional, soluble PSCA protein. One example of a 
functional soluble PSCA protein has the amino acid 
sequence shown in FIG. 1B or a fragment thereof. In one 
form, such functional, soluble PSCA proteins or fragments 
thereof retain the ability to bind antibody or other ligand. 

The invention also provides peptides comprising biologi 
cally active fragments of the human and murine PSCA 
amino acid sequences shown in FIGS. 1B and 3. For 
example, the invention provides a peptide fragment having 
the amino acid sequence TARIRAVGLLTVISK (SEQ ID 
NO:16), a peptide fragment having the amino acid sequence 
V DD SQD YY VGKK (SEQ ID NO:17), and 
SLNCVDDSQDYYVGK (SEQ ID NO:18). 

The peptides of the invention exhibit properties of PSCA, 
Such as the ability to elicit the generation of antibodies that 
specifically bind an epitope associated with PSCA. Such 
peptide fragments of the PSCA proteins can be generated 
using Standard peptide Synthesis technology and the amino 
acid Sequences of the human or murine PSCA proteins 
disclosed herein. Alternatively, recombinant methods can be 
used to generate nucleic acid molecules that encode a 
fragment of the PSCA protein. In this regard, the PSCA 
encoding nucleic acid molecules described herein provide 
means for generating defined fragments of PSCA. 
As discussed below, peptide fragments of PSCA are 

particularly useful in: generating domain Specific antibodies, 
identifying agents that bind to PSCA or a PSCA domain; 
identifying cellular factors that bind to PSCA or a PSCA 
domain; and isolating homologs or other allelic forms of 
human PSCA. PSCA peptides containing particularly inter 
esting structures can be predicted and/or identified using 
various analytical techniques well known in the art, 
including, for example, the methods of Chou-Fasman, 
Garnier-Robson, Kyte-Doolittle, Eisenberg, Karplus 
Schultz or Jameson-Wolf analysis, or on the basis of immu 
nogenicity. AS examples, hydrophobicity and Chou-Fasman 
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plots of human PSCA are provided in FIGS. 4 and 5, 
respectively. Fragments containing Such residues are par 
ticularly useful in generating Subunit Specific anti-PSCA 
antibodies or in identifying cellular factors that bind to 
PSCA. 

Various regions of the PSCA protein can bind to anti 
PSCA antibodies. The regions of the PSCA protein may 
include, for example, the N-terminal region, middle region, 
and C-terminal region (Example 18, FIG. 49). The 
N-terminal region includes any portion of the PSCA protein 
encompassed by amino acid residues 2-50, preferably resi 
dues 18-50. The middle region includes any portion of the 
PSCA protein encompassed by amino acid residues 46-109, 
preferably residues 46-98. The C-terminal region includes 
any portion of the PSCA protein encompassed by amino acid 
residues 85-123, preferably residues 85-98. 
The PSCA proteins of the invention may be useful for a 

variety of purposes, including but not limited to their use as 
diagnostic and/or prognostic markers of prostate cancer, the 
ability to elicit the generation of antibodies, and as targets 
for various therapeutic modalities, as further described 
below. PSCA proteins may also be used to identify and 
isolate ligands and other agents that bind to PSCA. In the 
normal prostate, PSCA is expressed exclusively in a Subset 
of basal cells, Suggesting that PSCA may be used as a marker 
for a specific cell lineage within basal epithelium. In 
addition, the results herein Suggest that this set of basal cells 
represent the target of neoplastic transformation. Accord 
ingly for example, therapeutic Strategies designed to elimi 
nate or modulate the molecular factors responsible for 
transformation may be specifically directed to this popula 
tion of cells via the PSCA cell surface protein. 
PSCA Antibodies 
The invention further provides antibodies (e.g., 

polyclonal, monoclonal, chimeric, and humanized 
antibodies) that bind to PSCA. The most preferred antibod 
ies will selectively bind to PSCA and will not bind (or will 
bind weakly) to non-PSCA proteins. The most preferred 
antibodies will specifically bind to PSCA. It is intended that 
the term “specifically bind” means that the antibody pre 
dominantly binds to PSCA. Anti-PSCA antibodies that are 
particularly contemplated include monoclonal and poly 
clonal antibodies as well as fragments thereof (e.g., recom 
binant proteins) containing the antigen binding domain 
and/or one or more complement determining regions of 
these antibodies. These antibodies can be from any Source, 
e.g., rat, dog, cat, pig, horse, mouse or human. 

In one embodiment, the PSCA antibodies specifically 
bind to the extracellular domain of a PSCA protein, e.g., on 
the cell Surface of prostate cancer cells from primary lesions 
and prostate cancer bone metastases. It is intended that the 
term “extracellular domain” means any portion of the PSCA 
protein which is exterior to the plasma membrane of the cell. 
In other embodiments, the PSCA antibodies specifically 
bind to other domains of a PSCA protein or precursor (such 
as a portion of the N-terminal region, the middle region, or 
the C-terminal region; FIG. 49). As will be understood by 
those skilled in the art, the regions or epitopes of a PSCA 
protein to which an antibody is directed may vary with the 
intended application. For example, antibodies intended for 
use in an immunoassay for the detection of membrane 
bound PSCA on viable prostate cancer cells should be 
directed to an accessible epitope on membrane-bound 
PSCA. Examples of such antibodies are described the 
Examples which follow. Antibodies that recognize other 
epitopes may be useful for the identification of PSCA within 
damaged or dying cells, for the detection of secreted PSCA 
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proteins or fragments thereof. The invention also encom 
passes antibody fragments that Specifically recognize a 
PSCA protein. AS used herein, an antibody fragment is 
defined as at least a portion of the variable region of the 
immunoglobulin molecule that binds to its target, i.e., the 
antigen binding region. Some of the constant region of the 
immunoglobulin may be included. 

For example, the overexpression of PSCA in both 
androgen-dependent and androgen-independent prostate 
cancer cells, and the cell Surface location of PSCA represent 
characteristics of an excellent marker for Screening, 
diagnosis, prognosis, and follow-up assays and imaging 
methods. In addition, these characteristics indicate that 
PSCA may be an excellent target for therapeutic methods 
Such as targeted antibody therapy, immunotherapy, and gene 
therapy. 
PSCA antibodies of the invention may be particularly 

useful in diagnostic assays, imaging methodologies, and 
therapeutic methods in the management of prostate cancer. 
The invention provides various immunological assays useful 
for the detection of PSCA proteins and for the diagnosis of 
prostate cancer. Such assays generally comprise one or more 
PSCA antibodies capable of recognizing and binding a 
PSCA protein, and include various immunological assay 
formats well known in the art, including but not limited to 
various types of precipitation, agglutination, complement 
fixation, radioimmunoassays (RIA), enzyme-linked immu 
nosorbent assays (ELISA), enzyme-linked immunofluores 
cent assays (ELIFA) (H. Liu et al. Cancer Research 58: 
4055-4060 (1998), immunohistochemical analysis and the 
like. In addition, immunological imaging methods capable 
of detecting prostate cancer are also provided by the 
invention, including but limited to radioScintigraphic imag 
ing methods using labeled PSCA antibodies. Such assays 
may be clinically useful in the detection, monitoring, and 
prognosis of prostate cancer. 

In one embodiment, PSCA antibodies and fragments 
thereof (e.g., Fv, Fab', F(ab')2) are used for detecting the 
presence of a prostate cancer, bladder carcinoma, pancreatic 
carcinoma, bone metastases of prostate cancer, PIN, or basal 
epithelial cell expressing a PSCA protein. The presence of 
such PSCA positive (+) cells within various biological 
Samples, including Serum, prostate and other tissue biopsy 
Specimens, other tissueS Such as bone, urine, etc., may be 
detected with PSCA antibodies. In addition, PSCA antibod 
ies may be used in various imaging methodologies, Such as 
immunoscintigraphy with Induim-111 (or other isotope) 
conjugated antibody. For example, an imaging protocol 
Similar to the one recently described using an In-111 con 
jugated anti-PSMA antibody may be used to detect recurrent 
and metastatic prostate carcinomas (Sodee et al., 1997, Clin 
Nuc Med 21: 759–766). In relation to other markers of 
prostate cancer, such as PSMA for example, PSCA may be 
particularly useful for targeting androgen independent proS 
tate cancer cells. PSCA antibodies may also be used thera 
peutically to inhibit PSCA function. 
PSCA antibodies may also be used in methods for puri 

fying PSCA proteins and peptides and for isolating PSCA 
homologues and related molecules. For example, in one 
embodiment, the method of purifying a PSCA protein com 
prises incubating a PSCA antibody, which has been coupled 
to a Solid matrix, with a lysate or other Solution containing 
PSCA under conditions which permit the PSCA antibody to 
bind to PSCA, washing the Solid matrix to eliminate impu 
rities; and eluting the PSCA from the coupled antibody. 
Additionally, PSCA antibodies may be used to isolate PSCA 
positive cells using cell Sorting and purification techniques. 
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The presence of PSCA on prostate tumor cells (alone or in 
combination with other cell Surface markers) may be used to 
distinguish and isolate human prostate cancer cells from 
other cells. In particular, PSCA antibodies may be used to 
isolate prostate cancer cells from Xenograft tumor tissue, 
from cells in culture, etc., using antibody-based cell Sorting 
or affinity purification techniques. Other uses of the PSCA 
antibodies of the invention include generating anti-idiotypic 
antibodies that mimic the PSCA protein, e.g., a monoclonal 
anti-idiotypic antibody reactive with an idiotype on any of 
the monoclonal antibodies of the invention Such as 1G8, 
2A2, 2H9, 3C5, 3E6, 3G3, and 4A10. 
The ability to generate large quantities of relatively pure 

human PSCA positive prostate cancer cells which can be 
grown in tissue culture or as Xenograft tumors in animal 
models (e.g., SCID or other immune deficient mice) pro 
vides many advantages, including, for example, permitting 
the evaluation of various transgenes or candidate therapeutic 
compounds on the growth or other phenotypic characteris 
tics of a relatively homogeneous population of prostate 
cancer cells. Additionally, this feature of the invention also 
permits the isolation of highly enriched preparations of 
human PSCA positive prostate cancer Specific nucleic acids 
in quantities Sufficient for various molecular manipulations. 
For example, large quantities of Such nucleic acid prepara 
tions will assist in the identification of rare genes with 
biological relevance to prostate cancer disease progression. 

Another valuable application of this aspect of the inven 
tion is the ability to isolate, analyze and experiment with 
relatively pure preparations of viable PSCApositive prostate 
tumor cells cloned from individual patients with locally 
advanced or metastatic disease. In this way, for example, an 
individual patient’s prostate cancer cells may be expanded 
from a limited biopsy Sample and then tested for the pres 
ence of diagnostic and prognostic genes, proteins, chromo 
Somal aberrations, gene expression profiles, or other relevant 
genotypic and phenotypic characteristics, without the poten 
tially confounding variable of contaminating cells. In 
addition, Such cells may be evaluated for neoplastic aggres 
Siveness and metastatic potential in animal models. 
Similarly, patient-specific prostate cancer vaccines and cel 
lular immunotherapeutics may be created from Such cell 
preparations. 

Various methods for the preparation of antibodies are well 
known in the art. For example, antibodies may be prepared 
by immunizing a Suitable mammalian host using a PSCA 
protein, peptide, or fragment, in isolated or immunoconju 
gated form (Harlow, Antibodies, Cold Spring Harbor Press, 
NY (1989)). In addition, fusion proteins of PSCA may also 
be used, such as a PSCA GST-fusion protein. Cells express 
ing or overexpressing PSCA may also be used for immuni 
Zations. Similarly, any cell engineered to express PSCA may 
be used. This Strategy may result in the production of 
monoclonal antibodies with enhanced capacities for recog 
nizing endogenous PSCA. For example, using Standard 
technologies described in Example 5 and Standard hybri 
doma protocols (Harlow and Lane, 1988, Antibodies: A 
Laboratory Manual. (Cold Spring Harbor Press)), hybrido 
mas producing monoclonal antibodies designated 1G8 
(ATCC No. HB-12612), 2A2 (ATCC No.HB-12613), 2H9 
(ATCC No.HB-12614), 305 (ATCC No. HB-12616), 3E6 
(ATCC No.HB-12618), and 3G3 (ATCC No. HB-12615), 
4A10 (ATCC No. HB-12617) were generated. These anti 
body were deposited on Dec. 11, 1998 with the American 
Type Culture Collection (ATCC), 10801 University 
Boulevard, Manassas, Va. 20110-2209. 

Chimeric antibodies of the invention are immunoglobulin 
molecules that comprise a human and non-human portion. 
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The antigen combining region (variable region) of a chi 
meric antibody can be derived from a non-human Source 
(e.g. murine) and the constant region of the chimeric anti 
body which confers biological effector function to the 
immunoglobulin can be derived from a human Source. The 
chimeric antibody should have the antigen binding Speci 
ficity of the non-human antibody molecule and the effector 
function conferred by the human antibody molecule. 

In general, the procedures used to produce chimeric 
antibodies can involve the following Steps: 

a) identifying and cloning the correct gene segment 
encoding the antigen binding portion of the antibody 
molecule; this gene Segment (known as the VDJ, 
variable, diversity and joining regions for heavy chains 
or VJ, variable, joining regions for light chains or 
simply as the V or variable region) may be in either the 
cDNA or genomic form; 

b) cloning the gene Segments encoding the constant 
region or desired part thereof; 

c) ligating the variable region with the constant region So 
that the complete chimeric antibody is encoded in a 
form that can be transcribed and translated; 

d) ligating this construct into a vector containing a select 
able marker and gene control regions Such as 
promoters, enhancers and poly(A) addition signals; 

e) amplifying this construct in bacteria; 
f) introducing this DNA into eukaryotic cells 

(transfection) most often mammalian lymphocytes; 
g) Selecting for cells expressing the Selectable marker; 
h) Screening for cells expressing the desired chimeric 

antibody; and 
k) testing the antibody for appropriate binding specificity 

and effect or functions. 
Antibodies of Several distinct antigenbinding Specificities 

have been manipulated by these protocols to produce chi 
meric proteins e.g. anti-TNP: Boulianne et al., Nature 
312:643 (1984); and anti-tumor antigens: Sahagan et al., J. 
Immunol. 137: 1066 (1986)). Likewise, several different 
effector functions have been achieved by linking new 
Sequences to those encoding the antigen binding region. 
Some of these include enzymes Neuberger et al., Nature 
312:604 (1984)), immunoglobulin constant regions from 
another species and constant regions of another immuno 
globulin chain Sharon et al., Nature 309:364 (1984); Tan et 
al., J. Immunol. 135:3565-3567 (1985)). Additionally, pro 
cedures for modifying antibody molecules and for producing 
chimeric antibody molecules using homologous recombina 
tion to target gene modification have been described (Fell et 
al., Proc. Natl. Acad. Sci. USA 86:8507-8511 (1989)). 

These antibodies are capable of binding to PSCA, e.g., on 
the cell Surface of prostate cancer cells, thereby confirming 
the cell Surface localization of PSCA. Because these mAbs 
recognize epitopes on the exterior of the cell Surface, they 
have utility for prostate cancer diagnosis and therapy. For 
example, these mabs were used to locate Sites of metastatic 
disease (Example 6). Another possibility is that they may be 
used (e.g., Systemically) to target prostate cancer cells 
therapeutically when used alone or conjugated to a radio 
isotope or other toxin. 
PSCA mAbs stain the cell Surface in a punctate manner 

(see Example 5), Suggesting that PSCA may be localized to 
Specific regions of the cell Surface. GPI-anchored proteins 
are known to cluster in detergent-insoluble glycolipid 
enriched microdomains (DIGS) of the cell surface. These 
microdomains, which include caveolae and shingolipid 
cholesterol rafts, are believed to play critical roles in Signal 
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transduction and molecular transport. Thy-1, a homologue 
of PSCA, has previously been shown to transmit signals to 
Src kinases through interaction in lipid-microdomains. Sub 
cellular fractionation experiments in our laboratory confirm 
the presence of PSCA in DIGS. 

Additionally, some of the antibodies of the invention are 
internalizing antibodies, i.e., the antibodies are internalized 
into the cell upon or after binding. It is intended that the term 
“internalize” means that the antibody is taken into the cell. 
Further, Some of the antibodies induce inhibition of PSCA 
positive cancer cell growth. 
A characterization of these antibodies, e.g., in prostate 

cancer Specimens, demonstrates that PSCA protein is over 
expressed in prostate cancers relative to normal cells and its 
expression appears to be upregulated during prostate cancer 
progression and metastasis. These antibodies are useful in 
studies of PSCA biology and function, as well as in vivo 
targeting of PSCA associated cancers, including, without 
limitation, human prostate cancer, prostate cancer 
metastases to bone, bladder carcinomas, and pancreatic 
carcinomas. 
PSCA mAbs which specifically recognize and bind to the 

extracellular domain of the PSCA protein are described 
herein. Some of these have been shown to bind to native 
PSCA as expressed on the cell surface and some have been 
shown to inhibit the in vivo growth of prostate tumor cells. 
The amino acid Sequence of PSCA presented herein may 

be used to select specific regions of the PSCA protein for 
generating antibodies. For example, hydrophobicity and 
hydrophilicity analyses of the PSCA amino acid Sequence 
may be used to identify hydrophilic regions in the PSCA 
structure. Regions of the PSCA protein that show immuno 
genic structure, as well as other regions and domains, can 
readily be identified using various other methods known in 
the art, Such as Chou-Fasman, Garnier-Robson, Kyte 
Doolittle, Eisenberg, Karplus-Schultz or Jameson-Wolf 
analysis. Fragments containing these residues are particu 
larly Suited in generating Specific classes of anti-PSCA 
antibodies. Particularly useful fragments include, but are not 
limited to, the sequences TARIRAVGLLTVISK (SEQ ID 
NO:16) and SLNCVDDSQDYYVGK (SEQ ID NO:18). 
As described in Example 2, below, a rabbit polyclonal 

antibody was generated against the former fragment, pre 
pared as a Synthetic peptide, and affinity purified using a 
PSCA-glutathione S transferase fusion protein. Recognition 
of PSCA by this antibody was established by immunoblot 
and immunoprecipitation analysis of extracts of 293T cells 
transfected with PSCA and a GST-PSCA fusion protein. 
This antibody also identified the cell surface expression of 
PSCA in PSCA-transfected 293T and LAPC-4 cells using 
fluorescence activated cell sorting (FACS). 

Additionally, a sheep polyclonal antibody was generated 
against the latter fragment, prepared as a Synthetic peptide, 
and affinity purified using a peptide Affi-gel column (also by 
the method of Example 2). Recognition of PSCA by this 
antibody was established by immunoblot and immunopre 
cipitation analysis of extracts of LNCaP cells transfected 
with PSCA. This antibody also identified the cell surface 
expression of PSCA in PSCA-transfected LNCaP cells using 
fluorescence activated cell Sorting (FACS) and immunohis 
tochemistry analysis. 
Methods for preparing a protein for use as an immunogen 

and for preparing immunogenic conjugates of a protein with 
a carrier Such as BSA, KLH, or other carrier proteins are 
well known in the art. In Some circumstances, direct con 
jugation using, for example, carbodiimide reagents may be 
used; in other instances linking reagents Such as those 
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supplied by Pierce Chemical Co., Rockford, Ill., may be 
effective. Administration of a PSCA immunogen is con 
ducted generally by injection over a Suitable time period and 
with use of a Suitable adjuvant, as is generally understood in 
the art. During the immunization Schedule, titers of antibod 
ies can be taken to determine adequacy of antibody forma 
tion. 

While the polyclonal antisera produced in this way may 
be satisfactory for Some applications, for pharmaceutical 
compositions, monoclonal antibody preparations are pre 
ferred. Immortalized cell lines which secrete a desired 
monoclonal antibody may be prepared using the Standard 
method of Kohler and Milstein or modifications which effect 
immortalization of lymphocytes or Spleen cells, as is gen 
erally known. The immortalized cell lines Secreting the 
desired antibodies are Screened by immunoassay in which 
the antigen is the PSCA protein or PSCA fragment. When 
the appropriate immortalized cell culture Secreting the 
desired antibody is identified, the cells can be cultured either 
in vitro or by production in ascites fluid. 

The desired monoclonal antibodies are then recovered 
from the culture Supernatant or from the ascites Supernatant. 
Fragments of the monoclonal antibodies of the invention or 
the polyclonal antisera (e.g., Fab, F(ab'), Fv fragments, 
fusion proteins) which contain the immunologically signifi 
cant portion (i.e., a portion that recognizes and binds PSCA) 
can be used as antagonists, as well as the intact antibodies. 
Humanized antibodies directed against PSCA is also useful. 
As used herein, a humanized PSCA antibody is an immu 
noglobulin molecule which is capable of binding to PSCA 
and which comprises a FR region having Substantially the 
amino acid sequence of a human immunoglobulin and a 
CDR having Substantially the amino acid Sequence of non 
human immunoglobulin or a Sequence engineered to bind 
PSCA. Methods for humanizing murine and other non 
human antibodies by Substituting one or more of the non 
human antibody CDRs for corresponding human antibody 
Sequences are well known (see for example, Jones et al., 
1986, Nature 321:522–525; Riechman et al., 1988, Nature 
332: 323-327; Verhoeyen et al., 1988, Science 239: 
1534–1536). See also, Carter et al., 1993, Proc. Natl. Acad. 
Sci. USA 89: 4285 and Sims et al., 1993, J. Immunol. 151: 
2296. 

Use of immunologically reactive fragments, Such as the 
Fab, Fab', or F(ab')2 fragments is often preferable, especially 
in a therapeutic context, as these fragments are generally leSS 
immunogenic than the whole immunoglobulin. Further, 
bi-specific antibodies Specific for two or more epitopes may 
be generated using methods generally known in the art. 
Further, antibody effector functions may be modified so as 
to enhance the therapeutic effect of PSCA antibodies on 
cancers. For example, cysteine residues may be engineered 
into the Fc region, permitting the formation of interchain 
disulfide bonds and the generation of homodimers which 
may have enhanced capacities for internalization, ADCC 
and/or complement-mediated cell killing (see, for example, 
Caron et al., 1992, J. Exp. Med. 176: 1191–1195; Shopes, 
1992, J. Immunol. 148: 2918–2922). Homodimericantibod 
ies may also be generated by cross-linking techniques 
known in the art (e.g., Wolff et al., Cancer Res. 53: 
2560-2565). The invention also provides pharmaceutical 
compositions having the monoclonal antibodies or anti 
idiotypic monoclonal antibodies of the invention. 

The generation of monoclonal antibodies (mAbs) capable 
of binding to cell surface PSCA are described in Example 5. 
Epitope mapping of these mabS indicates that they recog 
nize different epitopes on the PSCA protein. For example, 
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one recognizes an epitope within the carboxy-terminal 
region and the other recognizing an epitope within the 
amino-terminal region. Such PSCA antibodies may be par 
ticularly well Suited to use in a sandwich-formatted ELISA, 
given their differing epitope binding characteristics. 
The antibodies or fragments may also be produced, using 

current technology, by recombinant means. Regions that 
bind specifically to the desired regions of the PSCA protein 
can also be produced in the context of chimeric or CDR 
grafted antibodies of multiple species origin. The invention 
includes an antibody, e.g., a monoclonal antibody which 
competitively inhibits the immunospecific binding of any of 
the monoclonal antibodies of the invention to PSCA. 

Alternatively, methods for producing fully human mono 
clonal antibodies, include phage display and transgenic 
methods, are known and may be used for the generation of 
human mAbs (for review, see Vaughan et al., 1998, Nature 
Biotechnology 16: 535-539). For example, fully human 
anti-PSCA monoclonal antibodies may be generated using 
cloning technologies employing large human Ig gene com 
binatorial libraries (i.e., phage display)(Griffiths and 
Hoogenboom, Building an in vitro immune System: human 
antibodies from phage display libraries. In: Protein Engi 
neering of Antibody Molecules for Prophylactic and Thera 
peutic Applications in Man. Clark, M. (Ed.), Nottingham 
Academic, pp. 45–64 (1993); Burton and Barbas, Human 
Antibodies from combinatorial libraries. Id., pp 65-82). 
Fully human anti-PSCA monoclonal antibodies may also be 
produced using transgenic mice engineered to contain 
human immunoglobulin gene loci as described in PCT 
Patent Application WO98/24893, Jakobovits et al., pub 
lished Dec. 3, 1997 (see also, Jakobovits, 1998, Exp. Opin. 
Invest. Drugs 7(4): 607-614). This method avoids the in 
Vitro manipulation required with phage display technology 
and efficiently produces high affinity authentic human anti 
bodies. 

Reactivity of anti-PSCA mAbs against the target antigen 
may be established by a number of well known means, 
including Western blot, immunoprecipitation, ELISA, and 
FACS analyses using, as appropriate, PSCA proteins, 
peptides, PSCA-expressing cells or extracts thereof. Anti 
PSCA mAbs may also be characterized in various in vitro 
assays, including complement-mediated tumor cell lysis, 
antibody-dependent cell cytotoxicity (ADCC), antibody 
dependent macrophage-mediated cytotoxicity (ADMMC), 
tumor cell proliferation, etc. Examples of Such in Vitro 
assays are presented in Example 19, infra. 
The antibody or fragment thereof of the invention may be 

cytostatic to the cell, to which it binds. It is intended that the 
term “cytostatic' means that the antibody can inhibit 
growth, but not necessarily kill, PSCA-positive cells. 
The antibody or fragment thereof of the invention may be 

labeled with a detectable marker or conjugated to a Second 
molecule, Such as a therapeutic agent (e.g., a cytotoxic 
agent) thereby resulting in an immunoconjugate. For 
example, the therapeutic agent includes, but is not limited to, 
an anti-tumor drug, a toxin, a radioactive agent, a cytokine, 
a Second antibody or an enzyme. Further, the invention 
provides an embodiment wherein the antibody of the inven 
tion is linked to an enzyme that converts a prodrug into a 
cytotoxic drug. 
The immunoconjugate can be used for targeting the 

second molecule to a PSCA positive cell (Vitetta, E. S. et al., 
1993, Immunotoxin therapy, in DeVita, Jr., V.T. et al., eds, 
Cancer: Principles and Practice of Oncology, 4th ed., J.B. 
Lippincott Co., Philadelphia, 2624–2636). 

Examples of cytotoxic agents include, but are not limited 
to ricin, ricin A-chain, doxorubicin, daunorubicin, taxol, 
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ethiduim bromide, mitomycin, etoposide, tenoposide, 
Vincristine, vinblastine, colchicine, dihydroxy anthracin 
dione, actinomycin D, diphteria toxin, Pseudomonas eXo 
toxin (PE) A, PE40, abrin, arbrin Achain, modeccin Achain, 
alpha-Sarcin, gelonin, mitogellin, retStrictocin, phenomycin, 
enomycin, curicin, crotin, calicheamicin, Sapaonaria offici 
nalis inhibitor, maytansinoids, and glucocorticoid and other 
chemotherapeutic agents, as well as radioisotopes Such as 
'''Bi, 131I, In, Y, and Re. Suitable detectable mark 
erS include, but are not limited to, a radioisotope, a fluores 
cent compound, a bioluminescent compound, chemilumi 
nescent compound, a metal chelator or an enzyme. 
Antibodies may also be conjugated to an anti-cancer pro 
drug activating enzyme capable of converting the pro-drug 
to its active form. See, for example, U.S. Pat. No. 4,975,287. 

Additionally, the recombinant protein of the invention 
comprising the antigen-binding region of any of the mono 
clonal antibodies of the invention can be used to treat cancer. 
In Such a situation, the antigen-binding region of the recom 
binant protein is joined to at least a functionally active 
portion of a Second protein having therapeutic activity. The 
Second protein can include, but is not limited to, an enzyme, 
lymphokine, oncostatin or toxin. Suitable toxins include 
those described above. 

Techniques for conjugating or joining therapeutic agents 
to antibodies are well known (see, e.g., Arnon et al., “Mono 
clonal Antibodies For Immunotargeting Of Drugs. In Cancer 
Therapy”, in Monoclonal Antibodies And Cancer Therapy, 
Reisfeld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); 
Hellstrom et al., “Antibodies For Drug Delivery', in Con 
trolled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 
623-53 (Marcel Dekker, Inc. 1987); Thorpe, “Antibody 
Carriers Of Cytotoxic Agents. In Cancer Therapy: A 
Review', in Monoclonal Antibodies '84. Biological And 
Clinical Applications, Pinchera et al. (eds.), pp. 475-506 
(1985); and Thorpe et al., “The Preparation And Cytotoxic 
Properties Of Antibody-Toxin Conjugates”, Immunol. Rev., 
62:119-58 (1982)). The use of PSCA antibodies as thera 
peutic agents is further described in the subsection “PROS 
TATE CANCER IMMUNOTHERAPY below. 
PSCA-Encoding Nucleic Acid Molecules 

Another aspect of the invention provides various nucleic 
acid molecules encoding PSCA proteins and fragments 
thereof, preferably in isolated form, including DNA, RNA, 
DNA/RNA hybrid, and related molecules, nucleic acid mol 
ecules complementary to the PSCA coding Sequence or a 
part thereof, and those which hybridize to the PSCA gene or 
to PSCA-encoding nucleic acids. Particularly preferred 
nucleic acid molecules will have a nucleotide Sequence 
Substantially identical to or complementary to the human or 
murine DNA sequences herein disclosed. Specifically con 
templated are genomic DNA, cDNAS, ribozymes, and anti 
Sense molecules, as well as nucleic acids based on an 
alternative backbone or including alternative bases, whether 
derived from natural Sources or Synthesized. 

For example, antisense molecules can be RNAS or other 
molecules, including peptide nucleic acids (PNAS) or non 
nucleic acid molecules Such as phosphorothioate 
derivatives, that specifically bind DNA or RNA in a base 
pair-dependent manner. A skilled artisan can readily obtain 
these classes of nucleic acid molecules using the herein 
described PSCA sequences. For convenience, PSCA 
encoding nucleic acid molecules will be referred to herein as 
PSCA-encoding nucleic acid molecules, PSCA genes, or 
PSCA sequences. 
The nucleotide Sequence of a cDNA encoding one allelic 

form of human PSCA is provided in FIG. 1A. The nucleotide 
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Sequence of a cDNA encoding a murine PSCA homologue 
(“murine PSCA) is provided in FIG. 2. Genomic clones of 
human and murine PSCA have also been isolated, as 
described in Example 4. Both the human and murine 
genomic clones contain three exons encoding the translated 
and 3' untranslated regions of the PSCA gene. A fourth exon 
encoding a 5' untranslated region is presumed to exist based 
on PSCA's homology to other members of the Ly-6 and 
Thy-1 gene families (FIG. 8). 
The human PSCA gene maps to chromosome 8q24.2. 

Human stem cell antigen 2 (RIG-E), as well as one other 
recently identified human Ly-6 homologue (E48) are also 
localized to this region, Suggesting that a large family of 
related genes may exist at this locus (Brakenhoffet al., 1995, 
supra; Mao et al., 1996, Proc. Natl. Acad. Sci. USA 93: 
5910-5914). Intriguingly, chromosome 8q has been reported 
to be a region of allelic gain and amplification in a majority 
of advanced and recurrent prostate cancers (Cher et al., 
1994, Genes Chrom. Cancer 11: 153-162). c-myc localizes 
proximal to PSCA at chromosome 8q24 and extra copies of 
c-myc (either through allelic gain or amplification) have 
been found in 68% of primary prostate tumors and 96% of 
metastases (Jenkins et al., 1997, Cancer Res. 57: 524–531). 
Embodiments of the PSCA-encoding nucleic acid mol 

ecules of the invention include primers, which allow the 
Specific amplification of nucleic acid molecules of the 
invention or of any specific parts thereof, and probes that 
Selectively or Specifically hybridize to nucleic acid mol 
ecules of the invention or to any part thereof. The nucleic 
acid probes can be labeled with a detectable marker. 
Examples of a detectable marker include, but are not limited 
to, a radioisotope, a fluorescent compound, a bioluminescent 
compound, a chemiluminescent compound, a metal chelator 
or an enzyme. Such labeled probes can be used to diagnosis 
the presence of a PSCA protein as a means for diagnosing 
cell expressing a PSCA protein. Technologies for generating 
DNA and RNA probes are well known. 
AS used herein, a nucleic acid molecule is Said to be 

“isolated” when the nucleic acid molecule is substantially 
Separated from contaminant nucleic acid molecules that 
encode polypeptides other than PSCA. A skilled artisan can 
readily employ nucleic acid isolation procedures to obtain an 
isolated PSCA-encoding nucleic acid molecule. 
The invention further provides fragments of the PSCA 

encoding nucleic acid molecules of the present invention. AS 
used herein, a fragment of a PSCA-encoding nucleic acid 
molecule refers to a small portion of the entire PSCA 
encoding Sequence. The size of the fragment will be deter 
mined by its intended use. 

For example, if the fragment is chosen So as to encode an 
active portion of the PSCA protein, Such an active domain, 
effector binding site or GPI binding domain, then the frag 
ment will need to be large enough to encode the functional 
region(s) of the PSCA protein. If the fragment is to be used 
as a nucleic acid probe or PCR primer, then the fragment 
length is chosen So as to obtain a relatively Small number of 
false positives during probing/priming. 

Fragments of human PSCA that are particularly useful as 
selective hybridization probes or PCR primers can be readily 
identified from the entire PSCA sequence using art-known 
methods. One set of PCR primers that are useful for RT-PCR 
analysis comprise 5'-TGCTTGCCCTGTTGATGGCAG 
(SEQ ID NO:19) and 
3'-CCAGAGCAGCAGGCCGAGTGCA-(SEQ ID NO:20). 
Methods for Isolating Other PSCA-encoding Nucleic Acid 
Molecules 
The PSCA-encoding nucleic acid molecules described 

herein enable the isolation of PSCA homologues, alterna 
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tively sliced isoforms, allelic variants, and mutant forms of 
the PSCA protein as well as their coding and gene 
sequences. The most preferred source of PSCA homologs 
are mammalian organisms. 

For example, a portion of the PSCA-encoding Sequence 
herein described can be Synthesized and used as a probe to 
retrieve DNA encoding a member of the PSCA family of 
proteins from organisms other than human, allelic variants 
of the human PSCA protein herein described, and genomic 
Sequence containing the PSCA gene. Oligomers containing 
approximately 18-20 nucleotides (encoding about a 6-7 
amino acid stretch) are prepared and used to Screen genomic 
DNA or cDNA libraries to obtain hybridization under strin 
gent conditions or conditions of Sufficient Stringency to 
eliminate an undue level of false positives. In a particular 
embodiment, cDNA encoding human PSCA was used to 
isolate a full length cDNA encoding the murine PSCA 
homologue as described in Example 3 herein. The murine 
clone encodes a protein with 70% amino acid identity to 
human PSCA. 

In addition, the amino acid sequence of the human PSCA 
protein may be used to generate antibody probes to Screen 
expression libraries prepared from cells. Typically, poly 
clonal antiserum from mammals. Such as rabbits immunized 
with the purified protein (as described below) or monoclonal 
antibodies can be used to probe an expression library, 
prepared from a target organism, to obtain the appropriate 
coding sequence for a PSCA homologue. The cloned cDNA 
Sequence can be expressed as a fusion protein, expressed 
directly using its own control Sequences, or expressed by 
constructing an expression cassette using control Sequences 
appropriate to the particular host used for expression of the 
enzyme. 

Genomic clones containing PSCA genes may be obtained 
using molecular cloning methods well known in the art. In 
one embodiment, a human genomic clone of approximately 
14 kb containing exons 1-4 of the PSCA gene was obtained 
by screening a lambda phage library with a human PSCA 
cDNA probe, as more completely described in Example 4 
herein. In another embodiment, a genomic clone of approxi 
mately 10 kb containing the murine PSCA gene was 
obtained by Screening a murine BAC (bacterial artificial 
chromosome) library with a murine PSCA cDNA (also 
described in Example 4). 

Additionally, pairs of oligonucleotide primers can be 
prepared for use in a polymerase chain reaction (PCR) to 
Selectively amplify/clone a PSCA-encoding nucleic acid 
molecule, or fragment thereof. A PCR denature/anneal/ 
extend cycle for using such PCR primers is well known in 
the art and can readily be adapted for use in isolating other 
PSCA-encoding nucleic acid molecules. Regions of the 
human PSCA gene that are particularly well Suited for use as 
a probe or as primers can be readily identified. 
Non-human homologues of PSCA, naturally occurring 

allelic variants of PSCA and genomic PSCA sequences will 
share a high degree of homology to the human PSCA 
Sequences herein described. In general, Such nucleic acid 
molecules will hybridize to the human PSCA sequence 
under Stringent conditions. Such Sequences will typically 
contain at least 70% homology, preferably at least 80%, 
most preferably at least 90% homology to the human PSCA 
Sequence. 

Stringent conditions are those that (1) employ low ionic 
Strength and high temperature for Washing, for example, 
0.015M NaCl/0.0015M sodium nitrate/0.1% SDS at 50° C., 
or (2) employ during hybridization a denaturing agent Such 
as formamide, for example, 50% (vol/vol) formamide with 
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0.1% bovine Serum album in/0.1% Ficoll/0.1% 
polyvinylpyrrolidone/50 mMSodium phosphate buffer at pH 
6.5 with 750 m N4 NaCl, 75 mM sodium citrate at 42 C. 

Another example is use of 50% formamide, 5xSSC 
(0.75M NaCl, 0.075 M sodium citrate), 50 mM sodium 
phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5x Den 
hardt's Solution, Sonicated Salmon sperm DNA (50 ug/ml), 
0.1% SDS, and 10% dextran Sulfate at 42 C., with washes 
at 42 C. in 0.2xSSC and 0.1% SDS. A skilled artisan can 
readily determine and vary the Stringency conditions appro 
priately to obtain a clear and detectable hybridization signal. 
Recombinant DNA Molecules Containing PSCA-encoding 
Nucleic Acids 

Also provided are recombinant DNA molecules (rDNAS) 
that contain a PSCA-encoding Sequences as herein 
described, or a fragment thereof. AS used herein, a r)NA 
molecule is a DNA molecule that has been subjected to 
molecular manipulation in vitro. Methods for generating 
rDNA molecules are well known in the art, for example, See 
Sambrook et al., Molecular Cloning (1989). In the preferred 
rDNA molecules of the present invention, a PSCA-encoding 
DNA sequence that encodes a PSCA protein or a fragment 
of PSCA, is operably linked to one or more expression 
control Sequences and/or vector Sequences. The rDNA mol 
ecule can encode either the entire PSCA protein, or can 
encode a fragment of the PSCA protein. 
The choice of vector and/or expression control Sequences 

to which the PSCA-encoding sequence is operably linked 
depends directly, as is well known in the art, on the func 
tional properties desired, e.g., protein expression, and the 
host cell to be transformed. A vector contemplated by the 
present invention is at least capable of directing the repli 
cation or insertion into the host chromosome, and preferably 
also expression, of the PSCA-encoding Sequence included in 
the rDNA molecule. 

Expression control elements that are used for regulating 
the expression of an operably linked protein encoding 
Sequence are known in the art and include, but are not 
limited to, inducible promoters, constitutive promoters, 
Secretion signals, enhancers, transcription terminators and 
other regulatory elements. Preferably, an inducible promoter 
that is readily controlled, Such as being responsive to a 
nutrient in the host cell's medium, is used. 

In one embodiment, the vector containing a PSCA 
encoding nucleic acid molecule will include a prokaryotic 
replicon, i.e., a DNA sequence having the ability to direct 
autonomous replication and maintenance of the recombinant 
DNA molecule intrachromosomally in a prokaryotic host 
cell, Such as a bacterial host cell, transformed therewith. 
Such replicons are well known in the art. In addition, Vectors 
that include a prokaryotic replicon may also include a gene 
whose expression confers a detectable marker Such as a drug 
resistance. Typical bacterial drug resistance genes are those 
that confer resistance to amplicillin or tetracycline. 

Vectors that include a prokaryotic replicon can further 
include a prokaryotic or viral promoter capable of directing 
the expression (transcription and translation) of the PSCA 
encoding Sequence in a bacterial host cell, Such as E. coli. A 
promoter is an expression control element formed by a DNA 
Sequence that permits binding of RNA polymerase and 
transcription to occur. Promoter Sequences compatible with 
bacterial hosts are typically provided in plasmid vectors 
containing convenient restriction Sites for insertion of a 
DNA segment of the present invention. Various viral vectors 
well known to those skilled in the art may also be used, Such 
as, for example, a number of well known retroviral vectors. 

Expression vectors compatible with eukaryotic cells, pref 
erably those compatible with vertebrate cells, can also be 
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used to variant rDNA molecules that contain a PSCA 
encoding Sequence. Eukaryotic cell expression vectors are 
well known in the art and are available from Several com 
mercial Sources. Typically, Such vectors are provided con 
taining convenient restriction sites for insertion of the 
desired DNA segment. Typical of such vectors are PSVL and 
pKSV-10 (Pharmacia), pBPV-1/pML2d (International 
Biotechnologies, Inc.), pTDT1 (ATCC, #31255), the vector 
pCDM8 described herein, and the like eukaryotic expression 
VectOrS. 

Eukaryotic cell expression vectors used to construct the 
rDNA molecules of the present invention may further 
include a Selectable marker that is effective in an eukaryotic 
cell, preferably a drug resistance Selection marker. A pre 
ferred drug resistance marker is the gene whose expression 
results in neomycin resistance, i.e., the neomycin phospho 
transferase (neo) gene. Southern et al., J Mol Anal Genet 
(1982) 1:327–341. Alternatively, the selectable marker can 
be present on a separate plasmid, and the two vectors are 
introduced by cotransfection of the host cell, and selected by 
culturing in the presence of the appropriate drug for the 
Selectable marker. 

In accordance with the practice of the invention, the 
vector can be a plasmid, coSmid or phage vector encoding 
the cDNA molecule discussed above. Additionally, the 
invention provides a host-vector System comprising the 
plasmid, coSmid or phage vector transfected into a Suitable 
eukaryotic host cell. Examples of Suitable eukaryotic host 
cells include a yeast cell, a plant cell, or an animal cell, Such 
as a mammalian cell. Examples of Suitable cells include the 
LnCaP, LAPC-4, and other prostate cancer cell lines. The 
host-vector system is useful for the production of a PSCA 
protein. Alternatively, the host cell can be prokaryotic, Such 
as a bacterial cell. 
Transformed Host Cells 

The invention further provides host cells transformed with 
a nucleic acid molecule that encodes a PSCA protein or a 
fragment thereof. The host cell can be either prokaryotic or 
eukaryotic. Eukaryotic cells useful for expression of a PSCA 
protein are not limited, So long as the cell line is compatible 
with cell culture methods and compatible with the propa 
gation of the expression vector and expression of a PSCA 
gene. Preferred eukaryotic host cells include, but are not 
limited to, yeast, insect and mammalian cells, preferably 
vertebrate cells Such as those from a mouse, rat, monkey or 
human fibroblastic cell line. Prostate cancer cell lines, such 
as the LnCaP and LAPC-4 cell lines may also be used. Any 
prokaryotic host can be used to express a PSCA-encoding 
rDNA molecule. The preferred prokaryotic host is E. coli. 

Transformation of appropriate cell hosts with an rDNA 
molecule of the present invention is accomplished by well 
known methods that typically depend on the type of vector 
used and host System employed. With regard to transforma 
tion of prokaryotic host cells, electroporation and Salt treat 
ment methods are typically employed, See, for example, 
Cohen et al., Proc Acad Sci USA (1972) 69:2110; and 
Maniatis et al., Molecular Cloning, A Laboratory Manual, 
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. 
(1982). With regard to transformation of vertebrate cells 
with vectors containing rNAS, electroporation, cationic 
lipid or Salt treatment methods are typically employed, See, 
for example, Graham et al., Virol (1973) 52:456; Wigler et 
al., Proc Natl AcadSci USA (1979) 76:1373–76. 

Successfully transformed cells, i.e., cells that contain an 
rDNA molecule of the present invention, can be identified by 
well known techniques. For example, cells resulting from 
the introduction of an rDNA of the present invention can be 
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cloned to produce Single colonies. Cells from those colonies 
can be harvested, lysed and their DNA content examined for 
the presence of the rDNA using a method Such as that 
described by Southern, J Mol Biol (1975) 98:503, or Berent 
et al., Biotech (1985) 3:208 or the proteins produced from 
the cell assayed via an immunological method. 
Recombinant Methods of Generating PSCA Proteins 
The invention further provides methods for producing a 

PSCA protein using one of the PSCA-encoding nucleic acid 
molecules herein described. In general terms, the production 
of a recombinant PSCA protein typically can involve the 
following steps (Maniatis, Supra). 

First, a nucleic acid molecule is obtained that encodes a 
PSCA protein or a fragment thereof, Such as the nucleic acid 
molecule depicted in FIG. 1A. The PSCA-encoding nucleic 
acid molecule is then preferably placed in an operable 
linkage with Suitable control Sequences, as described above, 
to generate an expression unit containing the PSCA 
encoding Sequence. The expression unit is used to transform 
a Suitable host and the transformed host is cultured under 
conditions that allow the production of the PSCA protein. 
Optionally the PSCA protein is isolated from the medium or 
from the cells, recovery and purification of the protein may 
not be necessary in Some instances where Some impurities 
may be tolerated. 

Each of the foregoing Steps may be done in a variety of 
ways. For example, the desired coding Sequences may be 
obtained from genomic fragments and used directly in an 
appropriate host. The construction of expression vectors that 
are operable in a variety of hosts is accomplished using an 
appropriate combination of replicons and control Sequences. 
The control Sequences, expression vectors, and transforma 
tion methods are dependent on the type of host cell used to 
express the gene and were discussed in detail earlier. Suit 
able restriction sites can, if not normally available, be added 
to the ends of the coding Sequence So as to provide an 
excisable gene to insert into these vectors. A skilled artisan 
can readily adapt any host/expression System known in the 
art for use with PSCA-encoding Sequences to produce a 
PSCA protein. 

In a Specific embodiment described in the examples which 
follow, a secreted form of PSCA may be conveniently 
expressed in 293T cells transfected with a CMV-driven 
expression vector encoding PSCA with a C-terminal 6XHis 
and MYC tag (pcDNA3.1/mycHIS, Invitrogen). The 
secreted HIS-tagged PSCA in the culture media may be 
purified using a nickel column using Standard techniques. 
Assays for Identifying PSCA Ligands and Other Binding 
Agents 

Another aspect of the invention relates to assays and 
methods that can be used to detect and identify PSCA 
ligands and other agents and cellular constituents that bind 
to PSCA. Specifically, PSCA ligands and other agents and 
cellular constituents that bind to PSCA can be identified by 
the ability of the PSCA ligand or other agent or constituent 
to bind to PSCA and/or the ability to inhibit/stimulate PSCA 
activity. ASSays for PSCA activity (e.g., binding) using a 
PSCA protein are suitable for use in high through-put 
Screening methods. 

In one embodiment, the assay comprises mixing PSCA 
with a test agent or cellular extract. After mixing under 
conditions that allow association of PSCA with the agent or 
component of the extract, the mixture is analyzed to deter 
mine if the agent/component is bound to PSCA. Binding 
agents/components are identified as being able to bind to 
PSCA. Alternatively or consecutively, PSCA activity can be 
directly assessed as a means for identifying agonists and 
antagonists of PSCA activity. 
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Alternatively, targets that bind to a PSCA protein can be 
identified using a yeast two-hybrid System (Fields, S. and 
Song, O. (1989), Nature 340:245–246) or using a binding 
capture assay (Harlow, Supra). In the yeast two hybrid 
System, an expression unit encoding a fusion protein made 
up of one Subunit of a two Subunit transcription factor and 
the PSCA protein is introduced and expressed in a yeast cell. 
The cell is further modified to contain (1) an expression unit 
encoding a detectable marker whose expression requires the 
two Subunit transcription factor for expression and (2) an 
expression unit that encodes a fusion protein made up of the 
Second Subunit of the transcription factor and a cloned 
segment of DNA. If the cloned segment of DNA encodes a 
protein that binds to the PSCA protein, the expression results 
in the interaction of the PSCA and the encoded protein. This 
brings the two Subunits of the transcription factor into 
binding proximity, allowing reconstitution of the transcrip 
tion factor. This results in the expression of the detectable 
marker. The yeast two hybrid System is particularly useful in 
Screening a library of cDNA encoding Segments for cellular 
binding partners of PSCA. 
PSCA proteins which may be used in the above assays 

include, but are not limited to, an isolated PSCA protein, a 
fragment of a PSCA protein, a cell that has been altered to 
express a PSCA protein, or a fraction of a cell that has been 
altered to express a PSCA protein. Further, the PSCA protein 
can be the entire PSCA protein or a defined fragment of the 
PSCA protein. It will be apparent to one of ordinary skill in 
the art that so long as the PSCA protein can be assayed for 
agent binding, e.g., by a shift in molecular weight or activity, 
the present assay can be used. 

The method used to identify whether an agent/cellular 
component binds to a PSCA protein will be based primarily 
on the nature of the PSCA protein used. For example, a gel 
retardation assay can be used to determine whether an agent 
binds to PSCA or a fragment thereof. Alternatively, immu 
nodetection and biochip technologies can be adopted for use 
with the PSCA protein. A skilled artisan can readily employ 
numerous art-known techniques for determining whether a 
particular agent binds to a PSCA protein. 

Agents and cellular components can be further tested for 
the ability to modulate the activity of a PSCA protein using 
a cell-free assay System or a cellular assay System. AS the 
activities of the PSCA protein become more defined, func 
tional assays based on the identified activity can be 
employed. 
AS used herein, an agent is Said to antagonize PSCA 

activity when the agent reduces PSCA activity. The pre 
ferred antagonist will Selectively antagonize PSCA, not 
affecting any other cellular proteins. Further, the preferred 
antagonist will reduce PSCA activity by more than 50%, 
more preferably by more than 90%, most preferably elimi 
nating all PSCA activity. 
AS used herein, an agent is Said to agonize PSCA activity 

when the agent increases PSCA activity. The preferred 
agonist will Selectively agonize PSCA, not affecting any 
other cellular proteins. Further, the preferred antagonist will 
increase PSCA activity by more than 50%, more preferably 
by more than 90%, most preferably more than doubling 
PSCA activity. 

Agents that are assayed in the above method can be 
randomly Selected or rationally Selected or designed. AS 
used herein, an agent is Said to be randomly Selected when 
the agent is chosen randomly without considering the Spe 
cific Sequences of the PSCA protein. An example of ran 
domly Selected agents is the use of a chemical library or a 
peptide combinatorial library, or a growth broth of an 
organism or plant extract. 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

28 
AS used herein, an agent is Said to be rationally Selected 

or designed when the agent is chosen on a nonrandom basis 
that takes into account the Sequence of the target Site and/or 
its conformation in connection with the agent's action. 
Agents can be rationally Selected or rationally designed by 
utilizing the peptide Sequences that make up the PSCA 
protein. For example, a rationally Selected peptide agent can 
be a peptide whose amino acid Sequence is identical to a 
fragment of a PSCA protein. 
The agents tested in the methods of the present invention 

can be, as examples, peptides, Small molecules, and Vitamin 
derivatives, as well as carbohydrates. A skilled artisan can 
readily recognize that there is no limit as to the Structural 
nature of the agents used in the present Screening method. 
One class of agents of the present invention are peptide 
agents whose amino acid Sequences are chosen based on the 
amino acid Sequence of the PSCA protein. Small peptide 
agents can Serve as competitive inhibitors of PSCA protein 
assembly. 

Peptide agents can be prepared using Standard Solid phase 
(or Solution phase) peptide Synthesis methods, as is known 
in the art. In addition, the DNA encoding these peptides may 
be synthesized using commercially available oligonucle 
otide Synthesis instrumentation and produced recombinantly 
using Standard recombinant production Systems. The pro 
duction using Solid phase peptide Synthesis is necessitated if 
non-gene-encoded amino acids are to be included. 

Another class of agents of the present invention are 
antibodies immunoreactive with critical positions of the 
PSCA protein. As described above, antibodies are obtained 
by immunization of Suitable mammalian Subjects with 
peptides, containing as antigenic regions, those portions of 
the PSCA protein intended to be targeted by the antibodies. 
Critical regions may include the domains identified in FIG. 
15. Such agents can be used in competitive binding Studies 
to identify Second generation inhibitory agents. 
The cellular extracts tested in the methods of the present 

invention can be, as examples, aqueous extracts of cells or 
tissues, organic extracts of cells or tissueS or partially 
purified cellular fractions. A skilled artisan can readily 
recognize that there is no limit as to the Source of the cellular 
extract used in the Screening method of the present inven 
tion. 

Agents that bind a PSCA protein, such as a PSCA 
antibody, can be used to modulate the activity of PSCA, to 
target anticancer agents to appropriate mammalian cells, or 
to identify agents that block the interaction with PSCA. 
Cells expressing PSCA can be targeted or identified by using 
an agent that binds to PSCA. 
How the PSCA binding agents will be used depends on 

the nature of the PSCAbinding agent. For example, a PSCA 
binding agent can be used to: deliver conjugated toxins, Such 
a diphtheria toxin, cholera toxin, ricin or pseudomonas 
exotoxin, to a PSCA expressing cell; modulate PSCA activ 
ity; to directly kill PSCA expressing cells, or in Screens to 
identify competitive binding agents. For example, a PSCA 
inhibitory agent can be used to directly inhibit the growth of 
PSCA expressing cells whereas a PSCA binding agent can 
be used as a diagnostic agent. 

There are multiple diagnostic uses of the invention. For 
example, the invention provides methods for diagnosing in 
a Subject, e.g., an animal or human Subject, a cancer asso 
ciated with the presence of the PSCA protein. In one 
embodiment, the method comprises quantitatively determin 
ing the number of PSCA protein in the sample (e.g., cell or 
biological fluid Sample) using any one or combination of the 
antibodies of the invention. Then the number so determined 
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can be compared with the amount in a Sample from a normal 
Subject. The presence of a measurably different amount (i.e., 
the number of PSCA in the test sample exceeds the number 
from a normal Sample) in the samples indicating the pres 
ence of the cancer. PSCA is overexpressed on a cell when the 
number of PSCA in the test sample exceeds the number from 
a normal Sample. 

In another embodiment, diagnosis involves quantitatively 
determining in a Sample from the Subject the amount of RNA 
encoding the PSCA protein using the nucleic acid of the 
invention. The amount So determined can be compared with 
the amount of RNA in a sample from a normal subject. Once 
again, the presence of a measurable different amount indi 
cating the presence of the cancer. 

Additionally, the invention provides methods for moni 
toring the course of cancer (e.g., prostate, bone metastases of 
prostate cancer, bladder, pancreatic cancer) or disorders 
asSociated with PSCA in a Subject by measuring the amount 
of PSCA in a sample from the subject at various points in 
time. This is done for purposes of determining a change in 
the amount of PSCA in the Sample e.g., to determine 
whether the change is a Small change in the amount or a 
large change, i.e., overexpression of PSCA. In one 
embodiment, the method comprises quantitatively determin 
ing in a first sample from the subject the presence of a PSCA 
protein and comparing the amount So determined with the 
amount present in a Second Sample from the Subject, Such 
Samples being taken at different points in time, a difference 
in the amounts determined being indicative of the course of 
the cancer. 

In another embodiment, monitoring is effected by quan 
titatively determining in a first sample from the subject the 
presence of a PSCA RNA and comparing the amount so 
determined with the amount present in a Second Sample from 
the Subject, Such Samples being taken at different points in 
time, a difference in the amounts determined being indica 
tive of the course of the cancer (e.g., prostate, bone 
metastases of prostate cancer, bladder and pancreatic 
cancer). 
AS a further embodiment, the diseases or disorders asso 

ciated with PSCA can be monitored in a sample by detecting 
an increase in or increased PSCA gene copy number. An 
increase in or increased PSCA gene copy number is impor 
tant because it may correlate with poor outcome. 

The Sample can be from an animal or a human. Further, 
the Sample can be a cell Sample. For example, using the 
methods of the invention, organ tissueS Such as prostate 
tissue, bladder tissue, pancreatic tissue, neuroendocrine 
tissue, and bone (any tissue where carcinomas can 
metastasize, e.g., node, lung, liver, pancreas) can be evalu 
ated for the presence of cancer or metastatic lesion. 
Alternatively, the Sample can be a biological fluid, e.g., 
urine, blood Sera or plasma. 

In accordance with the practice of the invention, detection 
can be effected by immunologic detection means involving 
histology, blotting, ELISA, and ELIFA. When the sample is 
a tissue or cell Sample it can be formalin-fixed, paraffin 
embedded or frozen. 

The invention additionally provides methods of determin 
ing a difference in the amount and distribution of PSCA in 
tissue Sections from a neoplastic tissue to be tested relative 
to the amount and distribution of PSCA in tissue sections 
from a normal tissue. In one embodiment, the method 
comprises contacting both the tissue to be tested and the 
normal tissue with a monoclonal antibody that Specifically 
forms a complex with PSCA and thereby detecting the 
difference in the amount and distribution of PSCA. 
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Further, the invention provides a method for diagnosing a 

neoplastic or preneoplastic condition in a Subject. This 
method comprises obtaining from the Subject a Sample of a 
tissue, detecting a difference in the amount and distribution 
of PSCA in the using the method above, a distinct measur 
able difference being indicative of Such neoplastic or pre 
neoplastic condition. 

In accordance with the practice of the invention, the 
antibody can be directed to the epitope to which any of the 
monoclonal antibodies of the invention is directed. Further, 
the tissue Section can be from the bladder, prostate, bone, 
lymphatic tissues, pancreas, other organs, or muscle. 
The invention also provides methods of detecting and 

quantitatively determining the concentration of PSCA in a 
biological fluid Sample. In one embodiment the method 
comprises contacting a Solid Support with an excess of one 
or more monoclonal antibodies which forms (preferably 
specifically forms) a complex with PSCA under conditions 
permitting the monoclonal antibody to attach to the Surface 
of the Solid Support. The resulting Solid Support to which the 
monoclonal antibody is attached is then contacted with a 
biological fluid sample so that the PSCA in the biological 
fluid binds to the antibody and forms a PSCA-antibody 
complex. The complexed can be labeled directly or indi 
rectly with a detectable marker. Alternatively, either the 
PSCA or the antibody can be labeled before the formation 
the complex. The complex can then be detected and quan 
titatively determined thereby detecting and quantitatively 
determining the concentration of PSCA in the biological 
fluid sample. A high concentration of PSCA in the sample 
relative to normal cells being indicative of a neoplastic or 
preneoplastic condition. 

In accordance with the practice of the invention, the 
biological fluid includes but is not limited to tissue extract, 
urine, blood, Serum, and phlegm. Further, the detectable 
marker includes but is not limited to an enzyme, biotin, a 
fluorophore, a chromophore, a heavy metal, a paramagnetic 
isotope, or a radioisotope. 

Further, the invention provides a diagnostic kit compris 
ing an antibody that recognizes and binds PSCA (an anti 
PSCA antibody); and a conjugate of a detectable label and 
a specific binding partner of the anti-PSCA antibody. In 
accordance with the practice of the invention the label 
includes, but is not limited to, enzymes, radiolabels, chro 
mophores and fluorescers. 
Cancer Immunotherapy 

Since PSCA protein is expressed or overexpressed in 
many cancers, including but not limited to prostate tumors, 
metastases of prostate tumors (such as bone metastases), 
bladder cancer and pancreatic cancer, it is a target for cancer 
immunotherapy. These immunotherapeutic methods include 
the use of antibody therapy, in Vivo Vaccines, and ex vivo 
immunotherapy approaches. 

In one approach, the invention provides PSCA antibodies 
that may be used Systemically to treat cancer, Such as 
prostate, bladder and pancreatic cancer. PSCA antibodies 
may also be useful in the treatment of various other benign 
and malignant tumors. Antibodies which bind Specifically to 
the extracellular domain of PSCA are preferred. Antibodies 
which target the tumor cells but not the Surrounding non 
tumor cells and tissue are preferred. Thus, the invention 
provides a method of treating a patient Susceptible to or 
having a cancer which expresses PSCA antigen, comprising 
administering to Said patient an effective amount of an 
antibody which binds specifically to the extracellular 
domain of PSCA. In another approach, the invention pro 
vides a method of inhibiting the growth of tumor cells 
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expressing PSCA, comprising administering to a patient an 
antibody which binds specifically to the extracellular 
domain of PSCA in an amount effective to inhibit growth of 
the tumor cells. PSCA mAbs may also be used in a method 
for selectively inhibiting the growth of or killing a cell 
expressing PSCA antigen comprising reacting a PSCA anti 
body immunoconjugate or immunotoxin with the cell in an 
amount Sufficient to inhibit the growth of or kill the cell. 

For example, unconjugated PSCA antibody (including 
monoclonal, polyclonal, chimeric, humanized, fully human 
and fragments thereof (e.g., recombinant proteins)) may be 
introduced into a patient Such that the antibody binds to 
PSCA on cancer cells and mediates growth inhibition of 
Such cells (including the destruction thereof), and the tumor, 
by mechanisms which may include complement-mediated 
cytolysis, antibody-dependent cellular cytotoxicity, altering 
the physiologic function of PSCA, and/or the inhibition of 
ligand binding or Signal transduction pathways. In addition 
to unconjugated PSCA antibodies, fragments thereof, and 
recombinant proteins of the invention, PSCA antibodies 
conjugated to toxic agents Such as ricin may also be used 
therapeutically to deliver the toxic agent directly to PSCA 
bearing tumor cells and thereby destroy the tumor. 

Cancer immunotherapy using PSCA antibodies may fol 
low the teachings generated from various approaches which 
have been Successfully employed with respect to other types 
of cancer, including but not limited to colon cancer (Arlen 
et al., 1998, Crit Rev Immunol 18: 133-138), multiple 
myeloma (Ozaki et al., 1997, Blood 90: 3179–3186; Tsune 
nari et al., 1997, Blood 90: 2437-2444), gastric cancer 
(Kasprzyk et al., 1992, Cancer Res 52: 2771-2776), B-cell 
lymphoma (Funakoshi et al., 1996, J Immunther Emphasis 
Tumor Immunol 19:93-101), leukemia (Zhong et al., 1996, 
Leuk Res 20: 581-589), colorectal cancer (Moun et al., 
1994, Cancer Res 54: 6160–6166); Velders et al., 1995, 
Cancer Res 55: 4398-4403), and breast cancer (Shepard et 
al., 1991, J. Clin Immunol 11: 117-127). 

For example, one way to apply antitumor monoclonal 
antibodies clinically is to administer them in unmodified 
form, using monoclonal antibodies of the invention which 
display antitumor activity (e.g., ADCC and CDC activity) 
and/or internalizing ability in Vitro and/or in animal models 
(see, e.g. Hellstrom et al., Proc. Natl. Acad. Sci. USA 
82:1499-1502 (1985). To detect ADCC and CDC activity 
monoclonal antibodies can be tested for lysing cultured 
Cr-labeled tumor target cells over a 4-hour incubation 

period. Target cells are labeled with Cr and then can be 
exposed for 4 hours to a combination of effector cells (in the 
form of human lymphocytes purified by the use of a 
lymphocyte-separation medium) and antibody, which is 
added in concentrations, e.g., varying between 0.1 ug/ml and 
10 ug/ml. The release of Cr from the target cells is 
measured as evidence of tumor-cell lysis (cytotoxicity). 
Controls include the incubation of target cells alone or with 
either lymphocytes or monoclonal antibody Separately. The 
total amount of Cr that can be released is measured and 
ADCC is calculated as the percent killing of target cells 
observed with monoclonal antibody plus effector cells as 
compared to target cells being incubated alone. The proce 
dure for CDC is identical to the one used to detect ADCC 
except that human Serum, as a Source of complement, 
(diluted 1:3 to 1:6) is added in place of the effector cells. 

In the practice of the method of the invention, anti-PSCA 
antibodies capable of inhibiting the growth of cancer cells 
expressing PSCA on the cell Surface are administered in a 
therapeutically effective amount to cancer patients whose 
tumors express or overexpress PSCA. The anti-PSCA mAb 
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therapy method of the invention demonstrates remarkable 
tumor growth inhibition of prostate tumors in Vivo. 
Accordingly, the invention provides a Specific, effective and 
long-needed treatment for prostate cancer. The method of 
the invention may also be useful for the treatment of other 
cancers which express or overexpress PSCA, including but 
not limited to bladder carcinoma and pancreatic carcinomas, 
since both of these cancers express elevated levels of PSCA. 
The antibody therapy methods of the invention may be 
combined with a chemotherapeutic, radiation, and/or other 
therapeutic regimen. 
As described in Example 18A below, individual mouse 

anti-PSCA mAbs, as well as combinations of these anti 
PSCA monoclonal antibodies, are capable of Significantly 
inhibiting prostate tumor growth in Vivo using a Xenogenic 
prostate cancer SCID mouse model. In one Study, a cohort 
of SCID mice receiving injections of a human prostate 
tumor Xenograft were treated with a combination of Several 
murine anti-PSCA mAbs. The results of this study showed 
that the treatment was able to completely block the forma 
tion of tumors in all of these mice-even after 61 days post 
tumor injection. In contrast, all animals in a control group of 
SCID mice receiving the same prostate tumor Xenograft, but 
treated with control murine IgG, developed significant and 
progressively more massive tumors during the Study. There 
was no apparent toxicity associated with the treatment of 
these animals with the anti-PSCA mAb preparation, as all 
mice in the treatment group remained lively and healthy 
throughout the experiment. The Xenograft used in the Study, 
LAPC-9, was generated from a bone tumor biopsy of a 
patient with hormone-refractory metastatic prostate cancer, 
is characterized by an extremely androgen-sensitive pheno 
type (PSA levels drop to Zero after castration in recipient 
SCID mice), particularly aggressive growth properties, and 
high level overexpression of PSCA. LAPC-9 and is 
described further elsewhere (Published PCT Application 
WO98/16628, Sawyers et al., Apr. 23, 1998). These results 
were confirmed in a Second in Vivo Study described in 
Example 18B. In addition, further in vivo studies demon 
strated that anti-PSCA mAbs are therapeutically effective 
when used alone (Example 18C1, C2). In all of these in vivo 
studies, tumors in mice receiving the anti-PSCA mAb treat 
ments had significantly slower growth rates, longer latency 
periods, and were Smaller in Size compared to tumors in 
mice receiving control antibody treatments. Serum PSA 
levels were also lower in relation to control treated animals 
and correlated with tumor inhibition. Moreover, antibodies 
recognizing different PSCA epitopes, as well as antibodies 
having different IgG isotypes, are therapeutically effective. 
In one study, anti-PSCA mAbs effectively inhibited the 
growth of established prostate tumors in Vivo (Example 18, 
C4). Some of the mice treated in this particular study 
showed tumor regression following PSCA treatment 
(Example 18). 

Additionally, the 3C5 antibody, administered to a tumor 
bearing mouse, targeted the tumor cells that express PSCA. 
A SCID mouse bearing an LAPC-9 tumor (e.g., expressed 
PSCA), was treated with 3C5 antibody. The tumor was 
explanted and examined for the presence of the 3C5 
antibody, by immunohistochemistry analysis (Example 26, 
FIG. 71). The fixed tissue slices were probed with goat 
anti-mouse IgG. The 3C5 antibody was localized to the mass 
of PSCA-expressing tumor cells (FIG. 71) and could be 
detected throughout the tumor. Because SCID mice produce 
no immunoglobulin, the antibody detected in the tumor 
tissue most likely originated from the 3C5 treatment. To 
confirm the localization of the 3C5 antibody, Western blot 
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analysis was performed on tumor explants from the same 
mouse. The blot included protein extracts from the tumor 
explant, control IgG antibody, and 3C5 antibody, and the 
blot was probed with goat anti-mouse IgG-HRP antibodies. 
The IgG heavy and light chains were readily detected in the 
tumor lysates from the 3C5-treated mouse (FIG. 72). 

The results of a different study also indicate that anti 
PSCA antibodies can target PSCA-expressing tumors. A 
SCID mouse bearing an established LAPC-9 tumor was 
treated with 1G8 antibody. The explanted tumor was exam 
ined for the presence of the 1G8 antibody, by Western blot 
analysis (Example 26, FIG. 72) using goat anti-mouse 
IgG-HRP antibodies as a probe. The heavy and light chains 
were readily detectable in the 1G8-treated mouse. These 
results indicate that anti-PSCA antibodies administered to an 
Subject, can circulate and target a PSCA-expressing tumor. 
This Suggests that anti-PSCA monoclonal antibodies can 
circulate and target PSCA-expressing cells in tumors that are 
local, locally recurring, and metastatic. Furthermore, this 
Suggests that conjugated anti-PSCA monoclonal antibodies 
can target and kill tumors cells expressing PSCA. 
As described in Example 24 below, individual anti-PSCA 

mAbs are capable of inhibiting prostate tumor growth in 
Vivo, in a Xenogenic prostate cancer SCID mouse model. For 
example, two cohorts of SCID mice received injections of 
LAPC-9, and were treated with 1G8 or 3C5. The results 
showed that treatment with 1G8 or 3C5 alone inhibited 
tumor growth in the tumor-bearing mice. In contrast, the 
mice in a control group that received the same prostate 
tumor Xenograft, but treated with murine IgG or phosphate 
buffer, developed larger tumors during the Study. In addition, 
the anti-PSCA treatment significantly prolonged the life of 
the mice receiving the antibody treatment, compared to the 
control mice. The prolonged life of the antibody-treated 
mice correlated with a decrease in tumor growth, and 
effected the level of serum PSA levels. These results indicate 
that treatment with anti-PSCA antibody can prolong the life 
of a tumor-bearing animal, by inhibiting tumor growth. 

The effect of anti-PSCA mAbs in combination with an 
cytotoxic agent was also tested. AS described in Example 25 
below, two cohorts of SCID mice received injections of PC3 
cells which were engineered to express PSCA, and the mice 
were treated with 1G8 alone or in combination with doxo 
rubicin. The results showed that treatment with 1G8 inhib 
ited tumor growth of the PSCA-positive PC3 cells, and the 
combination of 1G8 and doxorubicin had a Synergetic effect 
on inhibiting tumor growth, compared to the tumors in mice 
treated with phosphate buffer or doxorubicin alone. 

Thus, the results of Example 24 show that anti-PSCA 
monoclonal antibodies, having different isotypes, are effec 
tive in inhibiting the growth of established androgen 
dependent tumors. For example, the LAPC-9 xenograft was 
generated from a bone tumor biopsy of a patient with 
hormone-refractory metastatic prostate cancer. The 1G8 
antibody is a mouse gamma-1, isotypic, neutral antibody, 
which interacts directly with the PSCA antigen. The 3C5 
antibody is a mouse gamma-2A isotypic, antibody, which 
binds to cells and complement. Thus, the 1G8 antibody may 
direct cell cytotoxicity of androgen-dependent tumors, 
through an antibody-dependent cell cytotoxicity (ADCC) 
mechanism, and the 3C5 antibody may initiate a potent 
immune response against the tumor. In a similar manner, the 
results of Example 25 show that anti-PSCA antibodies are 
effective in treating established androgen-independent 
tumorS. 

Patients may be evaluated for the presence and level of 
PSCA overexpression in tumors, preferably using immuno 
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histochemical assessments of tumor tissue, quantitative 
PSCA imaging, or other techniques capable of reliably 
indicating the presence and degree of PSCA expression. 
Immunohistochemical analysis of tumor biopsies or Surgical 
Specimens may be preferred for this purpose. Methods for 
immunohistochemical analysis of tumor tissues are well 
known in the art. An example of an immunohistochemical 
analytical technique useful for determining the level of 
PSCA overexpression in a sample is described in the 
example Sections below. 
Anti-PSCA monoclonal antibodies useful in treating can 

cer include those which are capable of initiating a potent 
immune response against the tumor and those which are 
capable of direct cytotoxicity. In this regard, anti-PSCA 
mAbs may elicit tumor cell lysis by either complement 
mediated or antibody-dependent cell cytotoxicity (ADCC) 
mechanisms, both of which require an intact Fc portion of 
the immunoglobulin molecule for interaction with effector 
cell Fc receptor Sites or complement proteins. In addition, 
anti-PSCA mAbs which exert a direct biological effect on 
tumor growth are useful in the practice of the invention. 
Such mAbs may not require the complete immunoglobulin 
to exert the effect. Potential mechanisms by which such 
directly cytotoxic mAbs may act include inhibition of cell 
growth, modulation of cellular differentiation, modulation of 
tumor angiogenesis factor profiles, and the induction of 
apoptosis. The mechanism by which a particular anti-PSCA 
mAb exerts an anti-tumor effect may be evaluated using any 
number of in vitro assays designed to determine ADCC, 
ADMMC, complement-mediated cell lysis, and so forth, 
such as those described in Example 19, below. 
The anti-tumor activity of a particular anti-PSCA mAb, or 

combination of anti-PSCA mAbs, is preferably evaluated in 
Vivo using a Suitable animal model. Xenogenic cancer 
models, wherein human cancer explants or passaged 
Xenograft tissues are introduced into immune compromised 
animals, Such as nude or SCID mice, are particularly appro 
priate and are known. Examples of Xenograft models of 
human prostate cancer (capable of recapitulating the devel 
opment of primary tumors, micrometastasis, and the forma 
tion of Osteoblastic metastases characteristic of late Stage 
disease) are described in Klein et al., 1997, Nature Medicine 
3: 402–408 and in PCT Patent Application WO98/16628, 
Sawyers et al., published Apr. 23, 1998. The examples 
herein provide detailed experimental protocols for evaluat 
ing the anti-tumor potential of anti-PSCA mAb preparations 
in Vivo. Other in Vivo assays are contemplated, Such as those 
which measure regression of established tumors, interfer 
ence with the development of metastasis, and the like. 

It should be noted that the use of murine or other 
non-human monoclonal antibodies and chimeric mAbs may 
induce moderate to Strong immune responses in Some 
patients. In the most Severe cases, Such an immune response 
may lead to the extensive formation of immune complexes 
which, potentially, can cause renal failure. Accordingly, 
preferred monoclonal antibodies used in the practice of the 
therapeutic methods of the invention are those which are 
either fully human or humanized and which bind specifically 
to the target PSCA antigen with high affinity but exhibit low 
or no antigenicity in the patient. 
The method of the invention contemplate the administra 

tion of single anti-PSCA mAbs as well as combinations, or 
“cocktails, of different individual mAbs such as those rec 
ognizing different epitopes. Such mAb cocktails may have 
certain advantages inasmuch as they contain mAbs which 
bind to different epitopes and/or exploit different effector 
mechanisms or combine directly cytotoxic mAbs with mAbs 
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that rely on immune effector functionality. Such mAbs in 
combination may exhibit Synergistic therapeutic effects. In 
addition, the administration of anti-PSCA mAbs may be 
combined with other therapeutic agents, including but not 
limited to various chemotherapeutic agents, androgen 
blockers, and immune modulators (e.g., IL-2, GM-CSF). 
The anti-PSCA mAbs may be administered in their “naked” 
or unconjugated form, or may have therapeutic agents 
conjugated to them. 

The anti-PSCA monoclonal antibodies used in the prac 
tice of the method of the invention may be formulated into 
pharmaceutical compositions comprising a carrier Suitable 
for the desired delivery method. Suitable carriers include 
any material which when combined with the anti-PSCA 
mAbs retains the anti-tumor function of the antibody and is 
non-reactive with the Subject's immune Systems. Examples 
include, but are not limited to, any of a number of Standard 
pharmaceutical carrierS Such as Sterile phosphate buffered 
Saline Solutions, bacterioStatic water, and the like (see, 
generally, Remington's Pharmaceutical Sciences 16" 
Edition, A. Osal., Ed., 1980). 

The anti-PSCA antibody formulations may be adminis 
tered via any route capable of delivering the antibodies to the 
tumor site. Potentially effective routes of administration 
include, but are not limited to, intravenous, intraperitoneal, 
intramuscular, intratumor, intradermal, and the like. The 
preferred route of administration is by intravenous injection. 
A preferred formulation for intravenous injection comprises 
the anti-PSCA mAbs in a solution of preserved bacteriostatic 
water, Sterile unpreserved water, and/or diluted in polyvi 
nylchloride or polyethylene bags containing 0.9% sterile 
Sodium Chloride for Injection, USP. The anti-PSCA mAb 
preparation may be lyophilized and stored as a sterile 
powder, preferably under vacuum, and then reconstituted in 
bacteriostatic water containing, for example, benzyl alcohol 
preservative, or in Sterile water prior to injection. 

Treatment will generally involve the repeated administra 
tion of the anti-PSCA antibody preparation via an acceptable 
route of administration Such as intravenous injection (IV), at 
an effective dose. Dosages will depend upon various factors 
generally appreciated by those of Skill in the art, including 
without limitation the type of cancer and the Severity, grade, 
or Stage of the cancer, the binding affinity and half life of the 
mAb or mAbs used, the degree of PSCA expression in the 
patient, the extent of circulating shed PSCA antigen, the 
desired Steady-state antibody concentration level, frequency 
of treatment, and the influence of chemotherapeutic agents 
used in combination with the treatment method of the 
invention. Typical daily doses may range from about 0.1 to 
100 mg/kg. Doses in the range of 10-500 mg mAb per week 
may be effective and well tolerated, although even higher 
weekly doses may be appropriate and/or well tolerated. The 
principal determining factor in defining the appropriate dose 
is the amount of a particular antibody necessary to be 
therapeutically effective in a particular context. Repeated 
administrations may be required in order to achieve tumor 
inhibition or regression. Initial loading doses may be higher. 
The initial loading dose may be administered as an infusion. 
Periodic maintenance doses may be administered similarly, 
provided the initial dose is well tolerated. 

Direct administration of PSCA mAbs is also possible and 
may have advantages in certain contexts. For example, for 
the treatment of bladder carcinoma, PSCA mAbs may be 
injected directly into the bladder. Because PSCA mAbs 
administered directly to bladder will be cleared from the 
patient rapidly, it may be possible to use non-human or 
chimeric antibodies effectively without significant compli 
cations of antigenicity. 
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Patients may be evaluated for serum PSCA in order to 

assist in the determination of the most effective dosing 
regimen and related factors. The PSCA Capture ELISA 
described in Example 20 infra, or a similar assay, may be 
used for quantitating circulating PSCA levels in patients 
prior to treatment. Such assays may also be used for moni 
toring purposes throughout therapy, and may be useful to 
gauge therapeutic SucceSS in combination with evaluating 
other parameters such as serum PSA levels. 
The invention further provides vaccines formulated to 

contain a PSCA protein or fragment thereof. The use of a 
tumor antigen in a vaccine for generating humoral and 
cell-mediated immunity for use in anti-cancer therapy is 
well known in the art and, for example, has been employed 
in prostate cancer using human PSMA and rodent PAP 
immunogens (Hodge et al., 1995, Int. J. Cancer 63: 
231-237; Fong et al., 1997, J. Immunol. 159: 3113–3117). 
Such methods can be readily practiced by employing a 
PSCA protein, or fragment thereof, or a PSCA-encoding 
nucleic acid molecule and recombinant vectors capable of 
expressing and appropriately presenting the PSCA immu 
nogen. 

For example, Viral gene delivery Systems may be used to 
deliver a PSCA-encoding nucleic acid molecule. Various 
Viral gene delivery Systems which can be used in the practice 
of this aspect of the invention include, but are not limited to, 
Vaccinia, fowlpox, canarypox, adenovirus, influenza, 
poliovirus, adeno-associated virus, lentivirus, and SindbuS 
virus (Restifo, 1996, Curr. Opin. Immunol. 8: 658-663). 
Non-viral delivery Systems may also be employed by using 
naked DNA encoding a PSCA protein or fragment thereof 
introduced into the patient (e.g., intramuscularly) to induce 
an anti-tumor response. In one embodiment, the full-length 
human PSCA cDNA may be employed. In another 
embodiment, PSCA nucleic acid molecules encoding Spe 
cific cytotoxic T lymphocyte (CTL) epitopes may be 
employed. CTL epitopes can be determined using specific 
algorithms (e.g., Epimer, Brown University) to identify 
peptides within a PSCA protein which are capable of opti 
mally binding to specified HLA alleles. 

Various ex vivo Strategies may also be employed. One 
approach involves the use of dendritic cells to present PSCA 
antigen to a patient's immune System. Dendritic cells 
express MHC class I and II, B7 costimulator, and IL-12, and 
are thus highly specialized antigen presenting cells. In 
prostate cancer, autologous dendritic cells pulsed with pep 
tides of the prostate-specific membrane antigen (PSMA) are 
being used in a Phase I clinical trial to Stimulate prostate 
cancer patients immune Systems (Tjoa et al., 1996, Prostate 
28: 65–69; Murphy et al., 1996, Prostate 29: 371-380). 
Dendritic cells can be used to present PSCA peptides to T 
cells in the context of MHC class I and II molecules. In one 
embodiment, autologous dendritic cells are pulsed with 
PSCA peptides capable of binding to MHC molecules. In 
another embodiment, dendritic cells are pulsed with the 
complete PSCA protein. Yet another embodiment involves 
engineering the overexpression of the PSCA gene in den 
dritic cells using various implementing vectors known in the 
art, such as adenovirus (Arthur et al., 1997, Cancer Gene 
Ther. 4: 17-25), retrovirus (Henderson et al., 1996, Cancer 
Res. 56: 3763-3770), lentivirus, adeno-associated virus, 
DNA transfection (Ribas et al., 1997, Cancer Res. 57: 
2865-2869), and tumor-derived RNA transfection (Ashley 
et al., 1997, J. Exp. Med. 186: 1177–1182). 

Anti-idiotypic anti-PSCA antibodies can also be used in 
anti-cancer therapy as a vaccine for inducing an immune 
response to cells expressing a PSCA protein. Specifically, 
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the generation of anti-idiotypic antibodies is well known in 
the art and can readily be adapted to generate anti-idiotypic 
anti-PSCA antibodies that mimic an epitope on a PSCA 
protein (see, for example, Wagner et al., 1997, Hybridoma 
16: 33–40; Foon et al., 1995, J. Clin Invest 96: 334–342; 
Herlyn et al., 1996, Cancer Immunol Immunother 43: 
65–76). Such an anti-idiotypic antibody. can be used in 
anti-idiotypic therapy as presently practiced with other anti 
idiotypic antibodies directed against tumor antigens. 

Genetic immunization methods may be employed to 
generate prophylactic or therapeutic humoral and cellular 
immune responses directed against cancer cells expressing 
PSCA. Using the PSCA-encoding DNA molecules 
described herein, constructs comprising DNA encoding a 
PSCA protein/immunogen and appropriate regulatory 
Sequences may be injected directly into muscle or skin of an 
individual, Such that the cells of the muscle or skin take-up 
the construct and express the encoded PSCA protein/ 
immunogen. The PSCA protein/immunogen may be 
expressed as a cell Surface protein or be Secreted. Expression 
of the PSCA protein/immunogen results in the generation of 
prophylactic or therapeutic humoral and cellular immunity 
against prostate cancer. Various prophylactic and therapeutic 
genetic immunization techniques known in the art may be 
used (for review, see information and references published 
at internet address www.genweb.com). 
The invention further provides methods for inhibiting 

cellular activity (e.g., cell proliferation, activation, or 
propagation) of a cell expressing multiple PSCA antigens on 
its cell Surface. This method comprises reacting the immu 
noconjugates of the invention (e.g., a heterogeneous or 
homogenous mixture) with the cell so that the PSCA anti 
gens on the cell Surface forms a complex with the immu 
noconjugates. The greater the number of PSCA antigens on 
the cell Surface, the greater the number of PSCA-antibody 
complexes can be used. The greater the number of PSCA 
antibody complexes the greater the cellular activity that is 
inhibited. A Subject with a neoplastic or preneoplastic con 
dition can be treated in accordance with this method when 
the inhibition of cellular activity results in cell death. 
A heterogeneous mixture includes PSCA antibodies that 

recognize different or the same epitope, each antibody being 
conjugated to the same or different therapeutic agent. A 
homogenous mixture includes antibodies that recognize the 
Same epitope, each antibody being conjugated to the same 
therapeutic agent. 

The invention further provides methods for inhibiting the 
biological activity of PSCA by blocking PSCA from binding 
its ligand. The methods comprises contacting an amount of 
PSCA with an antibody or immunoconjugate of the inven 
tion under conditions that permit a PSCA-immunoconjugate 
or PSCA-antibody complex thereby blocking PSCA from 
binding its ligand and inhibiting the activity of PSCA. 

In another embodiment, the invention provides methods 
for Selectively inhibiting a cell expressing PSCA antigen by 
reacting any one or a combination of the immunoconjugates 
of the invention with the cell in an amount Sufficient to 
inhibit the cell. Such amounts include an amount to kill the 
cell or an amount Sufficient to inhibit cell growth or prolif 
eration. AS discussed Supra the dose and dosage regimen will 
depend on the nature of the disease or disorder to be treated 
associated with PSCA, its population, the site to which the 
antibodies are to be directed, the characteristics of the 
particular immunotoxin, and the patient. For example, the 
amount of immunoconjugate can be in the range of 0.1 to 
200 mg/kg of patient weight. 
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Methods for Identifying PSCA Proteins and PSCA Genes 
and RNA 
The invention provides methods for identifying cells, 

tissueS or organisms expressing a PSCA protein or a PSCA 
gene. Such methods can be used to diagnose the presence of 
cells or an organism that expresses a PSCA protein in vivo 
or in vitro. The methods of the present invention are 
particularly useful in the determining the presence of cells 
that mediate pathological conditions of the prostate. 
Specifically, the presence of a PSCA protein can be identi 
fied by determining whether a PSCA protein, or nucleic acid 
encoding a PSCA protein, is expressed. The expression of a 
PSCA protein can be used as a means for diagnosing the 
presence of cells, tissueS or an organism that expresses a 
PSCA protein or gene. 
A variety of immunological and molecular genetic tech 

niques can be used to determine if a PSCA protein is 
expressed/produced in a particular cell or Sample. In general, 
an extract containing nucleic acid molecules or an extract 
containing proteins is prepared. The extract is then assayed 
to determine whether a PSCA protein, or a PSCA-encoding 
nucleic acid molecule, is produced in the cell. 

Various polynucleotide-based detection methods well 
known in the art may be employed for the detection of 
PSCA-encoding nucleic acid molecules and for the detection 
of PSCA expressing cells in a biological Specimen. For 
example, RT-PCR methods may be used to selectively 
amplify a PSCA mRNA or fragment thereof, and such 
methods may be employed to identify cells expressing 
PSCA, as described in Example 1 below. In a particular 
embodiment, RT-PCR is used to detect micrometastatic 
prostate, bladder or pancreatic cancer cells or circulating 
prostate, bladder or pancreatic cancer cells. Various other 
amplification type detection methods, Such as, for example, 
branched DNA methods, and various well known hybrid 
ization assays using DNA or RNA probes may also be used 
for the detection of PSCA-encoding polynucleotides or 
PSCA expressing cells. 

Various methods for the detection of proteins are well 
known in the art and may be employed for the detection of 
PSCA proteins and PSCA expressing cells. To perform a 
diagnostic test based on proteins, a Suitable protein Sample 
is obtained and prepared using conventional techniques. 
Protein Samples can be prepared, for example, simply by 
boiling a sample with SDS. The extracted protein can then 
be analyzed to determine the presence of a PSCA protein 
using known methods. For example, the presence of Specific 
sized or charged variants of a protein can be identified using 
mobility in an electric filed. Alternatively, antibodies can be 
used for detection purposes. A skilled artisan can readily 
adapt known protein analytical methods to determine if a 
Sample contains a PSCA protein. 

Alternatively, PSCA expression can also be used in meth 
ods to identify agents that decrease the level of expression 
of the PSCA gene. For example, cells or tissues expressing 
a PSCA protein can be contacted with a test agent to 
determine the effects of the agent on PSCA expression. 
Agents that activate PSCA expression can be used as an 
agonist of PSCA activity whereas agents that decrease PSCA 
expression can be used as an antagonist of PSCA activity. 
PSCA Promoter and Other Expression Regulatory Elements 
The invention further provides expression control 

sequences found 5' of the of the newly identified PSCA gene 
in a form that can be used to generate expression vectors and 
transgenic animals. Specifically, the PSCA expression con 
trol elements, such as the PSCA promoter that can readily be 
identified as being 5' from the ATG start codon in the PSCA 
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gene, and can be used to direct the expression of an operably 
linked protein encoding DNA sequence. Since PSCA 
expression is predominantly expressed in prostate cells, the 
expression control elements are particularly useful in direct 
ing the expression of an introduced transgene in a tissue 
specific fashion. A skilled artisan can readily use the PSCA 
gene promoter and other regulatory elements in expression 
vectors using methods known in the art. 

In eukaryotic cells, the regulatory Sequences can be found 
upstream, downstream and within the coding region of the 
gene. The eukaryotic regulatory Sequences comprise a pro 
moter Sequence and Sometimes at least one enhancer 
Sequence. In a typical eukaryotic gene, the promoter 
Sequence resides upstream and proximal to the coding 
region of the gene, and must be oriented in one direction to 
control expression of the gene. In a typical eukaryotic gene, 
the enhancer Sequences can reside in the upstream, down 
Stream and even within the coding region of the gene, and 
can be oriented in either direction to enhance or SuppreSS 
expression of the gene. 

The present invention provides a DNA fragment contain 
ing 9 kb of Sequences upstream of the PSCA coding region. 
The ability of this PSCA fragment to drive expression of an 
operatively linked transgene has been tested using a Series of 
chimeric reporter constructs transfected into cells. The chi 
meric reporter constructs demonstrate an expression pattern 
similar to that of native endogenous PSCA, and the PSCA 
fragment drives expression of the transgene when linked in 
the forward orientation. Thus, this PSCA fragment com 
prises a PSCA upstream regulatory region that exhibits 
promoter-like activity. 
PSCA transcripts are also present at a significantly higher 

level in prostate tumor cells but not in benign prostatic 
hyperplasia. Thus PSCA transcripts are detectable in a 
prostate-predominant manner, and are detectable at a higher 
level in prostate tumor Samples. The Significantly higher 
level of PSCA transcripts, or over-expression as is known in 
the art, can be determined by measuring and comparing the 
amount of detectable PSCA transcripts in a normal prostate 
with a prostate tumor Sample. This comparison can be 
performed by methods well known in the art, including 
Northern analysis and RT-PCR assays, and the differences in 
transcript levels can be quantitated. Thus, the presence of a 
measurably different amount of PSCA transcripts (i.e., the 
number of PSCA transcripts in the test sample exceeds the 
number from a normal Sample) in the samples can be used 
to indicate the presence of prostate cancer. 
PSCA expression is also observed in other human 

cancers, particularly bladder and pancreatic carcinomas. In 
the case of bladder carcinoma, the degree of PSCA expres 
Sion appears to correlate with the Severity of the disease, 
reaching the highest level of overexpression in invasive 
bladder cancer (See Example 17, below). 

The pattern of PSCA transcript and protein accumulation 
is known, and the PSCA upstream regulatory region has 
been isolated and characterized. A Series of chimeric con 
Structs comprising the PSCA upstream regulatory region 
operatively linked to a transgene has been tested. The PSCA 
upstream regulatory region drives expression of the trans 
gene in various prostate cells and cell lines, and in bladder, 
and to a lesser extent in kidney. Thus, the PSCA upstream 
region drives expression of a transgene in a prostate 
predominant manner. 

In preferred embodiments, DNA fragments of 9 kb, 6 kb, 
3 kb, and 1 kb derived from the 5' upstream region of the 
PSCA gene, as shown in FIG. 42, were produced by tech 
niques described herein. The 9 kb PSCA upstream region 
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(pEGFP-PSCA) is involved with gene regulatory activity 
and was deposited on May 17, 1999 with the American Type 
Culture Collection (ATCC), 10801 University Boulevard, 
Manassas, Va. 20110-2209 and has there been identified as 
follows ATCC No. PTA-80. The 9 kb fragment was obtained 
by amplification using a T7 primer and RIhPSCA3'-5 (5'- 
gggaattcgcacagccttcagggtc-3', SEQ ID NO:21). 
Uses of the Fragment Having Gene Regulatory Activity 

This invention provides methods (e.g., gene therapy 
methods) for targeting a gene-of-interest to a cancer cell/site 
So that the protein encoded by the gene can be expressed 
thereby directly or indirectly ameliorating the diseased State. 
A Susceptible cell is introduced with an expression vector 

that expresses a transgene (e.g., a therapeutic gene) under 
the control of a PSCA upstream region having Significantly 
increased gene expression activity in tumor cells. The use of 
an expression vector that expresses a therapeutic gene 
predominantly in tumor cells will allow expression of the 
therapeutic genes in target cell, Such as prostate, bladder and 
pancreatic tumor cells. 

After infecting a Susceptible cell, a transgene (e.g., a 
therapeutic gene) is driven by a PSCA upstream region 
having increased gene expression activity in a vector, that 
expresses the protein encoded by the transgene. The use of 
a fairly Specific prostate Specific gene vector will allow 
Selective expression of the Specific genes in target cells, e.g., 
prostate cancer cells. 
PSCA regions having increased gene expression activity 

may be modified, e.g., by Sequence mutations, deletions, and 
insertions, So as to produce derivative molecules. Modifi 
cations include multiplying the number of Sequences that 
can bind prostate cell specific regulatory proteins and delet 
ing Sequences that are nonfunctional in the PSCA region 
having gene expression activity. Other modifications include 
adding enhancers thereby improving the efficiency of the 
PSCA region having promoter activity. Enhancers may 
function in a position-independent manner and can be 
located upstream, within or downstream of the transcribed 
region. 

Derivative molecules would retain the functional property 
of the PSCA upstream region having increased gene expres 
Sion activity, namely, the molecule having Such Substitutions 
will Still permit Substantially prostate tissue specific expres 
Sion of a gene of interest located 3' to the fragment. 
Modification is permitted So long as the derivative mol 
ecules retain its ability to drive gene expression in a Sub 
Stantially prostate Specific manner compared to a PSCA 
fragment having promoter activity alone. 

In a preferred embodiment, a vector was constructed by 
inserting a heterologous sequence (therapeutic gene) down 
Stream of the PSCA upstream region having promoter activ 
ity. 

Examples of therapeutic genes include Suicide genes. 
These are genes Sequences the expression of which produces 
a protein or agent that inhibits tumor cell growth or tumor 
cell death (e.g., prostate tumor cells). Suicide genes include 
genes encoding enzymes (e.g., prodrug enzymes), 
oncogenes, tumor Suppressor genes, genes encoding toxins, 
genes encoding cytokines, or a gene encoding oncostatin. 
The purpose of the therapeutic gene is to inhibit the growth 
of or kill the cancer cell or produce cytokines or other 
cytotoxic agents which directly or indirectly inhibit the 
growth of or kill the cancer cells. 

Suitable prodrug enzymes include thymidine kinase (TK), 
Xanthine-guanine phosphoribosyltransferase (GPT) gene 
from E. coli or E. coli cytosine deaminase (CD), or hypox 
anthine phosphoribosyl transferase (HPRT). 



US 6,979,730 B2 
41 

Suitable oncogenes and tumor Suppressor genes include 
neu, EGF, ras (including H, K, and N ras), p53, Retinoblas 
toma tumor suppressor gene (Rb), Wilm's Tumor Gene 
Product, Phosphotyrosine Phosphatase (PTPase), and nm23. 
Suitable toxins include Pseudomonas exotoxin A and S; 
diphtheria toxin (DT); E. coli LT toxins, Shiga toxin, Shiga 
like toxins (SLT-1, -2), ricin, abrin, Supporin, and gelonin. 

Suitable cytokines include interferons, GM-CSF 
interleukins, tumor necrosis factor (TNF) (Wong G, et al., 
Human GM-CSF: Molecular cloning of the complementary 
DNA and purification of the natural and recombinant pro 
teins. Science 1985; 228:810); WO9323034 (1993); Horis 
berger MA, et al., Cloning and Sequence analyses of cDNAS 
for interferon- and virus-induced human MX proteins reveal 
that they contain putative guanine nucleotide-binding sites: 
functional Study of the corresponding gene promoter. Jour 
nal of Virology, 1990 March, 64(3): 1171–81; Li Y Pet al., 
Proinflammatory cytokines tumor necrosis factor-alpha and 
IL-6, but not IL-1, down-regulate the Osteocalcin gene 
promoter. Journal of Immunology, 1992 Feb. 1, 148(3) 
:788–94; Pizarro TT, et al. Induction of TNFalpha and TNF 
beta gene expression in rat cardiac transplants during 
allograft rejection. Transplantation, 1993 August, 56(2) 
:399-404). (Breviario F, et al., Interleukin-1-inducible genes 
in endothelial cells. Cloning of a new gene related to 
C-reactive protein and Serum. amyloid P component. Jour 
nal of Biological Chemistry, 1992 Nov. 5, 267(31):22190-7; 
Espinoza-Delgado I, et al., Regulation of IL -2 receptor 
Subunit genes in human monocytes. Differential effects of 
IL-2 and IFN-gamma. Journal of Immunology, 1992 Nov. 1, 
149(9):2961-8; Algate P A, et al., Regulation of the 
interleukin-3 (IL-3) receptor by IL-3 in the fetal liver 
derived FL5.12 cell line. Blood, 1994 May 1, 83(9) 
:2459-68; Cluitmans FH, et al., IL-4 down-regulates IL-2-, 
IL-3-, and GM-CSF-induced cytokine gene expression in 
peripheral blood monocytes. Annals of Hematology, 1994 
June, 68(6):293-8; Lagoo, A S, et al., IL-2, IL-4, and 
IFN-gamma gene expression versus Secretion in 
Superantigen-activated T cells. Distinct requirement for 
coStimulatory Signals through adhesion molecules. Journal 
of Immunology, 1994 Feb. 15, 152(4): 1641–52; Martinez O 
M, et al., IL-2 and IL-5 gene expression in response to 
alloantigen in liver allograft recipients and in Vitro. 
Transplantation, 1993 May, 55(5):1159–66; Pang G, et al., 
GM-CSF, IL-1 alpha, IL-1 beta, IL-6, IL-8, IL-10, ICAM-1 
and VCAM-1 gene expression and cytokine production in 
human duodenal fibroblasts stimulated with 
lipopolysaccharide, IL-1 alpha and TNF-alpha. Clinical and 
Experimental Immunology, 1994 June, 96(3):437–43; Ulich 
TR, et al., Endotoxin-induced cytokine gene expression in 
vivo. III. IL-6 mRNA and serum protein expression and the 
in Vivo hematologic effects of IL-6. Journal of Immunology, 
1991 Apr. 1, 146(7): 2316–23; Mauviel A, et al., 
Leukoregulin, a T cell-derived cytokine, induces IL-8 gene 
expression and Secretion in human skin fibroblasts. Dem 
onstration and Secretion in human skin fibroblasts. Demon 
stration of enhanced NF-kappa B binding and NF-kappa 
B-driven promoter activity. Journal of Immunology, 1992 
Nov. 1, 149(9):2969–76). 

Growth factors include Transforming Growth Factor-C. 
(TGFC) and B (TGFB), cytokine colony stimulating factors 
(Shimane M, et al., Molecular cloning and characterization 
of G-CSF induced gene cDNA. Biochemical and Biophysi 
cal Research Communications, 1994 Feb. 28, 199(1) 
:26–32; Kay AB, et al., Messenger RNA expression of the 
cytokine gene cluster, interleukin 3 (IL-3), IL-4, IL-5, and 
granulocyte/macrophage colony-stimulating factor, in 
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allergen-induced late-phase cutaneous reactions in atopic 
subjects. Journal of Experimental Medicine, 1991 Mar. 1, 
173(3):775-8; de Wit H, et al., Differential regulation of 
M-CSF and IL-6 gene expression in monocytic cells. British 

5 Journal of Haematology, 1994 Feb, 86(2):259-64; Sprecher 
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E, et al., Detection of IL-1 beta, TNF-alpha, and IL-6 gene 
transcription by the polymerase chain reaction in 
keratinocytes, Langerhans cells and peritoneal exudate cells 
during infection with herpes simplex virus-1. Archives of 
Virology, 1992, 126(1-4):253–69). 

Vectors suitable for use in the methods of the present 
invention are viral vectors including adenoviruses, 
lentivirus, retroviral vectors, adeno-associated viral (AAV) 
VectOrS. 

Preferably, the viral vector selected should meet the 
following criteria: 1) the vector must be able to infect the 
tumor cells and thus viral vectors having an appropriate host 
range must be selected; 2) the transferred gene should be 
capable of persisting and being expressed in a cell for an 
extended period of time; and 3) the vector should be safe to 
the host and cause minimal cell transformation. Retroviral 
vectors and adenoviruses offer an efficient, useful, and 
presently the best-characterized means of introducing and 
expressing foreign genes efficiently in mammalian cells. 
These vectors have very broad host and cell type ranges, 
express genes Stably and efficiently. The Safety of these 
vectorS has been proved by many research groups. In fact 
many are in clinical trials. 

Other virus vectors that may be used for gene transfer into 
cells for correction of disorders include retroviruses Such as 
Moloney murine leukemia virus (MoMuLV); papovaviruses 
such as JC, SV40, polyoma; Epstein-Barr Virus (EBV); 
papilloma viruses, e.g. bovine papilloma virus type I (BPV); 
vaccinia and poliovirus and other human and animal viruses. 

Adenoviruses have Several properties that make them 
attractive as cloning vehicles (Bachettis et al.: Transfer of 
gene for thymidine kinase-deficient human cells by purified 
herpes simplex viral DNA. PNAS USA, 1977 74: 1590; 
Berkner, K. L.: Development of adenovirus vectors for 
expression of heterologous genes. Biotechniques, 1988 
6:616; Ghosh-Choudhury G, et al., Human adenovirus clon 
ing vectors based on infectious bacterial plasmids. Gene 
1986; 50:161; Hag-Ahmand Y, et al., Development of a 
helper-independent human adenovirus vector and its use in 
the transfer of the herpes simplex virus thymidine kinase 
gene. J Virol 1986; 57:257; Rosenfeld M, et al., Adenovirus 
mediated transfer of a recombinant C.-antitrypsin gene to 
the lung epithelium in vivo. Science 1991; 252:431). 

For example, adenoviruses possess an intermediate sized 
genome that replicates in cellular nuclei; many Serotypes are 
clinically innocuous, adenovirus genomes appear to be 
Stable despite insertion of foreign genes, foreign genes 
appear to be maintained without loSS or rearrangement; and 
adenoviruses can be used as high level transient expression 
vectors with an expression period up to 4 weeks to Several 
months. Extensive biochemical and genetic Studies Suggest 
that it is possible to substitute up to 7–7.5 kb of heterologous 
Sequences for native adenovirus Sequences generating 
viable, conditional, helper-independent vectors (Kaufman R. 
J., identification of the component necessary for adenovirus 
translational control and their utilization in cDNA expres 
sion vectors. PNAS USA, 1985 82:689). 
AAV is a Small human parvovirus with a single Stranded 

DNA genome of approximately 5 kb. This virus can be 
propagated as an integrated provirus in Several human cell 
types. AAV vectors have Several advantage for human gene 
therapy. For example, they are trophic for human cells but 
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can also infect other mammalian cells; (2) no disease has 
been associated with AAV in humans or other animals; (3) 
integrated AAV genomes appear stable in their host cells; (4) 
there is no evidence that integration of AAV alters expres 
Sion of host genes or promoters or promotes their rearrange 
ment; (5) introduce genes can be rescued from the host cell 
by infection with a helper virus Such as adenovirus. 

HSV-1 vector system facilitates introduction of virtually 
any gene into non-mitotic cells (Geller et al. an efficient 
deletion mutant packaging System for a defective herpes 
Simplex virus vectors: Potential applications to human gene 
therapy and neuronal physiology. PNAS USA, 1990 
87.8950). 

Another vector for mammalian gene transfer is the bovine 
papilloma virus-based vector (Sarver N, et al., Bovine 
papilloma virus DNA. A novel eukaryotic cloning vector. 
Mol Cell Biol 1981; 1:486). 

Vaccinia and other poxvirus-based vectors provide a 
mammalian gene transfer System. Vaccinia virus is a large 
double-stranded DNA virus of 120 kilodaltons (kd) genomic 
Size (Panicali D, et al., Construction of poxvirus as cloning 
vectors: Insertion of the thymidine kinase gene from herpes 
simplex virus into the DNA of infectious vaccine virus. Proc 
Natl Acad Sci USA 1982; 79:4927; Smith et al. infectious 
vaccinia virus recombinants that express hepatitis B virus 
surface antigens. Nature, 1983 302:490.) 

Retroviruses are packages designed to insert Viral genes 
into host cells (Guild B, et al., Development of retrovirus 
vectors useful for expressing genes in cultured murine 
embryonic cells and hematopoietic cells in vivo. J Virol 
1988; 62:795; Hock R A, et al., Retrovirus mediated transfer 
and expression of drug resistance genes in human hemopoi 
etic progenitor cells. Nature 1986; 320:275). 

The basic retrovirus consists of two identical strands of 
RNA packaged in a proviral protein. The core Surrounded by 
a protective coat called the envelope, which is derived from 
the membrane of the previous host but modified with 
glycoproteins contributed by the virus. 

Preferably, for treating defects, disease or damage of cells 
in, for example, the prostate, Vectors of the invention include 
a therapeutic gene or transgenes, for example a gene encod 
ing TK. The genetically modified vectors are administered 
into the prostate to treat defects, disease Such as prostate 
cancer by introducing a therapeutic gene product or products 
into the prostate that enhance the production of endogenous 
molecules that have ameliorative effects in vivo. The same 
principles apply with respect to the treatment of other 
cancers, Such as pancreatic, bladder or other cancers 
expressing PSCA. 

The basic tasks in this embodiment of the present method 
of the invention are isolating the gene of interest, attaching 
it to a fragment having gene regulatory activity, Selecting the 
proper vector vehicle to deliver the gene of interest to the 
body, administering the vector having the gene of interest 
into the body, and achieving appropriate expression of the 
gene of interest to a target cell. The present invention 
provides packaging the cloned genes, i.e. the genes of 
interest, in Such a way that they can be injected directly into 
the bloodstream or relevant organs of patients who need 
them. The packaging will protect the foreign DNA from 
elimination by the immune System and direct it to appro 
priate tissueS or cells. 
Along with the human or animal gene of interest another 

gene, e.g., a Selectable marker, can be inserted that will 
allow easy identification of cells that have incorporated the 
modified retrovirus. The critical focus on the process of gene 
therapy is that the new gene must be expressed in target cells 
at an appropriate level with a Satisfactory duration of expres 
SO. 
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The methods described below to modify vectors and 

administering Such modified vectors into the target organ 
(e.g., prostate) are merely for purposes of illustration and are 
typical of those that might be used. However, other proce 
dures may also be employed, as is understood in the art. 
Most of the techniques used to construct vectors and the 

like are widely practiced in the art, and most practitioners 
are familiar with the Standard resource materials which 
describe specific conditions and procedures. However, for 
convenience, the following paragraphs may serve as a 
guideline. 
General Methods for Vector Construction 

Construction of Suitable vectors containing the desired 
therapeutic gene coding and control Sequences employs 
Standard ligation and restriction techniques, which are well 
understood in the art (see Maniatis et al., in Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor 
Laboratory, New York (1982)). Isolated plasmids, DNA 
Sequences, or Synthesized oligonucleotides are cleaved, 
tailored, and religated in the form desired. 

Site-specific DNA cleavage is performed by treating with 
the Suitable restriction enzyme (or enzymes) under condi 
tions which are generally understood in the art, and the 
particulars of which are specified by the manufacturer of 
these commercially available restriction enzymes (See, e.g. 
New England Biolabs Product Catalog). In general, about 1 
tug of plasmid or DNA sequences is cleaved by one unit of 
enzyme in about 20 ul of buffer solution. Typically, an 
excess of restriction enzyme is used to insure complete 
digestion of the DNA substrate. 

Incubation times of about one hour to two hours at about 
37 C. are workable, although variations can be tolerated. 
After each incubation, protein is removed by extraction with 
phenol/chloroform, and may be followed by ether 
extraction, and the nucleic acid recovered from aqueous 
fractions by precipitation with ethanol. If desired, size 
Separation of the cleaved fragments may be performed by 
polyacrylamide gel or agarose gel electrophoresis using 
Standard techniques. A general description of Size Separa 
tions is found in Methods in Enzymology 65:499-560 
(1980). 

Restriction cleaved fragments may be blunt ended by 
treating with the large fragment of E. coli DNA polymerase 
I (Klenow) in the presence of the four deoxynucleotide 
triphosphates (dNTPs) using incubation times of about 15 to 
25 min at 20° C. to 25°C. in 50 mM Tris (pH 7.6)50 mM 
NaCl, 6 mM MgCl, 6 mM DTT and 5-10 uM dNTPs. The 
Klenow fragment fills in at 5' sticky ends but chews back 
protruding 3' single strands, even though the four dNTPs are 
present. If desired, Selective repair can be performed by 
supplying only one of the dNTPs, or with selected dNTPs, 
within the limitations dictated by the nature of the sticky 
ends. After treatment with Klenow, the mixture is extracted 
with phenol/chloroform and ethanol precipitated. Treatment 
under appropriate conditions with S1 nuclease or Bal-31 
results in hydrolysis of any Single-Stranded portion. 

Ligations are performed in 10-50 ul volumes under the 
following Standard conditions and temperatures using T4 
DNA ligase. Ligation protocols are standard (D. Goeddel 
(ed.) Gene Expression Technology: Methods in Enzymology 
(1991)). 

In vector construction employing “vector fragments', the 
vector fragment is commonly treated with bacterial alkaline 
phosphatase (BAP) or calf intestinal alkaline phosphatase 
(CIP) in order to remove the 5' phosphate and prevent 
religation of the vector. Alternatively, religation can be 
prevented in vectors which have been double digested by 
additional restriction enzyme digestion of the unwanted 
fragments. 
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Suitable vectors include viral vector systems e.g. ADV, 
RV, and AAV (R. J. Kaufman “Vectors used for expression 
in mammalian cells” in Gene Expression Technology, edited 
by D. V. Goeddel (1991). 
Many methods for inserting functional DNA transgenes 

into cells are known in the art. For example, non-vector 
methods include nonviral physical transfection of DNA into 
cells; for example, microinjection (DePamphilis et al., Bio 
Technique 6:662-680 (1988)); liposomal mediated transfec 
tion (Felgner et al., Proc. Natl. Acad. Sci. USA, 
84:7413-7417 (1987), Felgner and Holm, Focus 11:21–25 
(1989) and Felgner et al., Proc. West. Pharmacol. Soc. 32: 
115-121 (1989)) and other methods known in the art. 
Administration of Modified Vectors into Subject 
One way to get DNA into a target cell is to put it inside 

a membrane bound Sac or vesicle Such as a spheroplast or 
liposome, or by calcium phosphate precipitation (CalPO) 
(Graham F. and Van der Eb, A., Virology 52:456 1973; 
Schaefer-Ridder M., et al., Liposomes as gene carriers: 
Efficient transduction of mouse L cells by thymidine kinase 
gene. Science 1982; 215:166; Stavridis J C, et al., Construc 
tion of transferrin-coated liposomes for in Vivo transport of 
exogenous DNA to bone marrow erythroblasts in rabbits. 
Exp Cell Res 1986; 164:568-572). 
A vesicle can be constructed in Such a way that its 

membrane will fuse with the outer membrane of a target cell. 
The vector of the invention in vesicles can home into the 
target cells. The Spheroplasts are maintained in high ionic 
Strength buffer until they can be fused through the mamma 
lian target cell using fusogens Such as polyethylene glycol. 

Liposomes are artificial phospholipid vesicles. Vesicles 
range in size from 0.2 to 4.0 micrometers and can entrap 
10% to 40% of an aqueous buffer containing macromol 
ecules. The liposomes protect the DNA from nucleases and 
facilitate its introduction into target cells. Transfection can 
also occur through electroporation. 

Before administration, the modified vectors are Suspended 
in complete PBS at a selected density for injection. In 
addition to PBS, any osmotically balanced solution which is 
physiologically compatible with the Subject may be used to 
Suspend and inject the modified vectors into the host. 

For injection, the cell Suspension is drawn up into the 
Syringe and administered to anesthetized recipients. Mul 
tiple injections may be made using this procedure. The viral 
Suspension procedure thus permits administration of geneti 
cally modified vectors to any predetermined site in the target 
organ (e.g., prostate), is relatively non-traumatic, allows 
multiple administrations simultaneously in Several different 
Sites or the same site using the same Viral Suspension. 
Multiple injections may consist of a mixture of therapeutic 
geneS. 
Uses of the Modified Vectors 

The present invention provides methods for maintaining 
and increasing eXpression of therapeutic genes using a 
fragment having expression activity. 

The methods of the invention are exemplified by embodi 
ments in which modified vectors carrying a therapeutic gene 
are injected into a Subject. 

In a first embodiment a protein product is expressed 
comprising growing the host vector System of the invention 
So as to produce the protein in the host and recovering the 
protein So produced. This method permits the expression of 
genes of interest in both unicellular and multicellular organ 
isms. For example, in an in vitro assay, prostate cells having 
the vector of the invention comprising a gene of interest 
(e.g., the ras gene) may be used in microtiter wells as an 
unlimited for the ras gene product. A Sample from a Subject 
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would be added to the wells to detect the presence of 
antibodies directed against the ras gene. This assay can aid 
in the quantitative and qualitative determination of the 
presence of ras antibodies in the Sample for the clinical 
assessment of whether the Subject's immune System is 
combatting the disease associated with elevated levels of 

S. 

In a Second embodiment metastatic prostate cancer is 
treated via gene therapy, i.e., the correction of a disease 
phenotype in Vivo through the use of the nucleic acid 
molecules of the invention. 

In accordance with the practice of this invention, the 
Subject of the gene therapy may be a human, equine, 
porcine, bovine, murine, canine, feline, or avian Subject. 
Other mammals are also included in this invention. 
The most effective mode of administration and dosage 

regimen for the molecules of the present invention depends 
upon the exact location of the prostate tumor being treated, 
the Severity and course of the cancer, the Subject's health and 
response to treatment and the judgment of the treating 
physician. Accordingly, the dosages of the molecules should 
be titrated to the individual subject. The molecules may be 
delivered directly or indirectly via another cell, autologous 
cells are preferred, but heterologous cells are encompassed 
within the scope of the invention. 
The interrelationship of dosages for animals of various 

sizes and species and humans based on mg/m of Surface 
area is described by Freireich, E. J., et al. Cancer 
Chemother, Rep. 50 (4): 219–244 (1966). Adjustments in 
the dosage regimen may be made to optimize the tumor cell 
growth inhibiting and killing response, e.g., doses may be 
divided and administered on a daily basis or the dose 
reduced proportionally depending upon the situation (e.g., 
Several divided dose may be administered daily or propor 
tionally reduced depending on the Specific therapeutic 
Situation). 

It would be clear that the dose of the molecules of the 
invention required to achieve treatment may be further 
modified with schedule optimization. 
Generation of Transgenic Animals 
Another aspect of the invention provides transgenic non 

human mammals comprising PSCA nucleic acids. For 
example, in one application, PSCA-deficient non-human 
animals can be generated using Standard knock-out proce 
dures to inactivate a PSCA homologue or, if Such animals 
are non-viable, inducible PSCA homologue antisense mol 
ecules can be used to regulate PSCA homologue activity/ 
expression. Alternatively, an animal can be altered So as to 
contain a human PSCA-encoding nucleic acid molecule or 
an antisense-PSCA expression unit that directs the expres 
sion of PSCA protein or the antisense molecule in a tissue 
Specific fashion. In Such uses, a non-human mammal, for 
example a mouse or a rat, is generated in which the 
expression of the PSCA homologue gene is altered by 
inactivation or activation and/or replaced by a human PSCA 
gene. This can be accomplished using a variety of art-known 
procedures Such as targeted recombination. Once generated, 
the PSCA homologue deficient animal, the animal that 
expresses PSCA (human or homologue) in a tissue specific 
manner, or an animal that expresses an antisense molecule 
can be used to (1) identify biological and pathological 
processes mediated by the PSCA protein, (2) identify pro 
teins and other genes that interact with the PSCA proteins, 
(3) identify agents that can be exogenously Supplied to 
overcome a PSCA protein deficiency and (4) serve as an 
appropriate Screen for identifying mutations within the 
PSCA gene that increase or decrease activity. 
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For example, it is possible to generate transgenic mice 
expressing the human minigene encoding PSCA in a tissue 
Specific-fashion and test the effect of over-expression of the 
protein in tissues and cells that normally do not contain the 
PSCA protein. This strategy has been successfully used for 
other genes, namely bcl-2 (Veis et al. Cell 1993 75:229). 
Such an approach can readily be applied to the PSCA 
protein/gene and can be used to address the issue of a 
potential beneficial or detrimental effect of the PSCA pro 
teins in a specific tissue. 

Further, in another embodiment, the invention provides a 
transgenic animal having germ and Somatic cells comprising 
an oncogene which is linked to a PSCA upstream region 
effective for the expression of Said gene in the tissueS of Said 
mouse for the promotion of a cancer associated with the 
oncogene, thereby producing a mouse model of that cancer. 
Compositions 
The invention provides a pharmaceutical composition 

comprising a PSCA nucleic acid molecule of the invention 
or an expression vector encoding a PSCA protein or encod 
ing a fragment thereof and, optionally, a Suitable carrier. The 
invention additionally provides a pharmaceutical composi 
tion comprising an antibody or fragment thereof which 
recognizes and binds a PSCA protein. In one embodiment, 
the antibody or fragment thereof is conjugated or linked to 
a therapeutic drug or a cytotoxic agent. 

Suitable carriers for pharmaceutical compositions include 
any material which when combined with the nucleic acid or 
other molecule of the invention retains the molecule's 
activity and is non-reactive with the Subject's immune 
Systems. Examples include, but are not limited to, any of the 
Standard pharmaceutical carrierS Such as a phosphate buff 
ered Saline Solution, water, emulsions Such as oil/water 
emulsion, and various types of wetting agents. Other carriers 
may also include Sterile Solutions, tablets including coated 
tablets and capsules. Typically Such carriers contain excipi 
ents Such as Starch, milk, Sugar, certain types of clay, gelatin, 
Stearic acid or Salts thereof, magnesium or calcium Stearate, 
talc, vegetable fats or oils, gums, glycols, or other known 
excipients. Such carriers may also include flavor and color 
additives or other ingredients. Compositions comprising 
Such carriers are formulated by well known conventional 
methods. Such compositions may also be formulated within 
various lipid compositions, Such as, for example, liposomes 
as well as in various polymeric compositions, Such as 
polymer microSpheres. 

The invention also provides a diagnostic composition 
comprising a PSCA nucleic acid molecule, a probe that 
Specifically hybridizes to a nucleic acid molecule of the 
invention or to any part thereof, or a PSCA antibody or 
fragment thereof. The nucleic acid molecule, the probe or 
the antibody or fragment thereof can be labeled with a 
detectable marker. Examples of a detectable marker include, 
but are not limited to, a radioisotope, a fluorescent 
compound, a bioluminescent compound, a chemilumines 
cent compound, a metal chelator or an enzyme. Further, the 
invention provides a diagnostic composition comprising a 
PSCA-specific primer pair capable of amplifying PSCA 
encoding Sequences using polymerase chain reaction 
methodologies, such as RT-PCR. 
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EXAMPLES 

Example 1 
Identification and Molecular Characterization of a 

Novel Prostate Cell Surface Antigen (PSCA) 
Materials and Methods 
LAPC-4 Xenografts: LAPC-4 xenografts were generated 

as described in Klein et al., 1997, Nature Med. 3: 402–408. 
RDA, Northern Analysis and RT-PCR: Representational 

difference analysis of androgen dependent and independent 
LAPC-4 tumors was performed as previously described 
(Braun et al., 1995, Mol. Cell. Biol. 15: 4623–4630). Total 
RNA was isolated using Ultraspec RNA isolation systems 
(Biotecx, Houston, Tex.) according to the manufacturers 
instructions. Northern filters were probed with a 660 bp 
RDA fragment corresponding to the coding Sequence and 
part of the 3' untranslated sequence of PSCA or a ~400 bp 
fragment of PSA. The human multiple tissue blot was 
obtained from Clontech and probed as specified. For reverse 
transcriptase (RT)-PCR analysis, first strand cDNA was 
synthesized from total RNA using the Gene Amp RNA PCR 
core kit (PerkinElmer-Roche, New Jersey). For RT-PCR of 
human PSCA transcripts, primers 5'-tgcttgccctgttgatggcag 
(SEQ ID NO: 19) and 3'-ccagagcagcaggccgagtgca-(SEQ ID 
NO:20) were used to amplify a ~320 bp fragment. Thermal 
cycling was performed by 25-25 cycles of 95 for 30 sec, 
60 for 30 sec and 72 for 1 min, followed by extension at 
72 for 10 min. Primers for GAPDH (Clontech) were used 
as controls. For mouse PSCA, the primers used were 
5'-ttctic ctgctggcc acct ac- (SEQ ID NO:8) and 
3'-gcagctcatcccttcacaat-(SEQ ID NO:9). 

In Situ Hybridization Assay for PSCA mRNA: For mRNA 
in situ hybridization, recombinant plasmid pCR II (1 lug, 
Invitrogen, San Diego, Calif.) containing the full-length 
PSCA gene was linearized to generate Sense and antisense 
digoxigenin labeled riboprobes. In Situ hybridization was 
performed on an automated instrument (Ventana Gen II, 
Ventana Medical Systems) as previously described (Magi 
Galluzzi et al., 1997, Lab. Invest. 76: 37–43). Prostate 
Specimens were obtained from a previously described data 
base which has been expanded to ~130 specimens (Magi 
Galluzzi et al., Supra). Slides were read and Scored by two 
pathologists in a blinded fashion. Scores of 0-3 were 
assigned according to the percentage of positive cells 
(0=0%; 1 =<25%; 2=25–50%; 3=>50%) and the intensity of 
staining (0=0; 1=1--, 2=2+; 3=3+). The two scores were 
multiplied to give an overall score of 0-9. 
Results 
Human PSCAcDNA: Representational Difference Analy 

sis (RDA), a PCR-based subtractive hybridization 
technique, was used to compare gene expression between 
hormone dependent and hormone independent variants of a 
human prostate cancer Xenograft (LAPC-4) and to isolate 
cDNAs upregulated in the androgen-independent LAPC-4 
Subline. Multiple genes were cloned, Sequenced, and 
checked for differential expression. One 660 bp fragment 
(clone #15) was identified which was found to be highly 
overexpressed in Xenograft tumors when compared with 
normal prostate. Comparison of the expression of this clone 
to that of PSA in normal prostate and Xenograft tumors 
Suggested that clone #15 was relatively cancer specific (FIG. 
9). 

Sequence analysis revealed that clone #15 had no exact 
match in the databases, but shared 30% nucleotide homol 
ogy with Stem cell antigen 2, a member of the Thy-1/Ly-6 
superfamily of glycosylphosphatidylinositol (GPI)- 
anchored cell Surface antigens. Clone #15 encodes a 123 
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amino acid protein which is 30% identical to SCA-2 (also 
called RIG-E) and contains a number of highly conserved 
cysteine residues characteristic of the Ly-6/Thy-1 gene 
family (FIG.3). Consistent with its homology to a family of 
GPI-anchored proteins, clone #15 contains both an amino 
terminal hydrophobic signal Sequence and a carboxyl 
terminal Stretch of hydrophobic amino acids preceded by a 
group of Small amino acids defining a cleavage/binding site 
for GPI linkage (Udenfriend and Kodukula, 1995, Ann. Rev. 
Biochem. 64: 563-591). It also contains four predicted 
N-glycosylation Sites. Because of its Strong homology to the 
Stem cell antigen-2, clone #15 was renamed prostate Stem 
cell antigen (PSCA).5' and 3' PCR RACE analysis was then 
performed using cDNA obtained from the LAPC-4 androgen 
independent xenograft and the full length cDNA nucleotide 
Sequence (including the coding and untranslated regions) 
was obtained. The nucleotide Sequence of the full length 
cDNA encoding human PSCA is shown in FIG. 1A and the 
translated amino acid Sequence is shown in FIG. 1B and in 
FIG. 3. 
PSCA is expressed in prostate cells: The distribution of 

PSCA mRNA in normal human tissues was examined by 
Northern blot analysis. The results, shown in FIG. 9B, 
demonstrate that PSCA is expressed predominantly in 
prostate, with a lower level of expression present in pla 
centa. Small amounts of mRNA can be detected in kidney 
and Small intestine after prolonged exposure and at approxi 
mately /100th of the level seen in prostate tissue. RT-PCR 
analysis of PSCA expression in normal human tissues also 
demonstrates that PSCA expression is restricted. In a panel 
of normal tissues, high level PSCA mRNA expression was 
detected in prostate, with significant expression detected in 
placenta and tonsils (FIG. 7A). RT-PCR analysis of PSCA 
mRNA expression in a variety of prostate cancer Xenografts 
prostate cancer cell lines and other cell lines, and normal 
prostate showed high level expression restricted to normal 
prostate, the LAPC-4 and LAPC-9 prostate cancer 
xenografts, and the ovarian cancer cell line A431 (FIG. 7B). 
The major PSCA transcript in normal prostate is ~1 kb (FIG. 
9B). Mouse PSCA expression was analyzed by RT-PCR in 
mouse spleen, liver, lung, prostate, kidney and testis. Like 
human PSCA, murine PSCA is expressed predominantly in 
prostate. Expression can also be detected in kidney at a level 
Similar to that Seen for placenta in human tissues. 

The expression of PSCA, PSMA and PSA in prostate 
cancer cell lines and Xenografts was compared by Northern 
blot analysis. The results shown in FIGS. 10A-10C dem 
onstrate high level prostate cancer Specific expression of 
both PSCA and PSMA, whereas PSA expression is not 
prostate cancer Specific. 
PSCA is Expressed by a Subset of Basal Cells in Normal 

Prostate: Normal prostate contains two major epithelial cell 
populations-Secretory luminal cells and Subjacent basal 
cells. In situ hybridizations were performed on multiple 
Sections of normal prostate using an antisense riboprobe 
specific for PSCA to localize its expression. As shown in 
FIG. 11, PSCA is expressed exclusively in a Subset of 
normal basal cells. Little to no Staining is seen in Stroma, 
Secretory cells or infiltrating lymphocytes. Hybridization 
with sense PSCA riboprobes showed no background stain 
ing. Hybridization with an antisense probe for GAPDH 
confirmed that the RNA in all cell types was intact. Because 
basal cells represent the putative progenitor cells for the 
terminally differentiated Secretory cells, these results Sug 
gest that PSCA may be a prostate-specific stem/progenitor 
cell marker (Bonkhoff et al., 1994, Prostate 24: 114-118). In 
addition, Since basal cells are androgen-independent, the 
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association of PSCA with basal cells raises the possibility 
that PSCA may play a role in androgen-independent prostate 
cancer progression. 
PSCA is Overexpressed in Prostate Cancer Cells: The 

initial analysis comparing PSCA expression in normal pros 
tate and LAPC-4 xenograft tumors suggested that PSCA was 
overexpressed in prostate cancer. AS demonstrated by the 
Northern blot analysis as shown in FIG. 9, LAPC-4 prostate 
cancer tumors Strongly express PSCA; however, there is 
almost no detectable expression in sample of BPH. In 
contrast, PSA expression is clearly detectable in normal 
prostate, at levels 2-3 times those seen in the LAPC-4 
tumors. Thus, the expression of PSCA in prostate cancer 
appears to be the reverse of what is seen with PSA. While 
PSA is expressed more Strongly in normal than malignant 
prostate tissue, PSCA is expressed more highly in prostate 
CCC. 

To confirm the PSCA expression and its value in diag 
nosing prostate cancer, one hundred twenty six paraffin 
embedded prostate cancer Specimens were analyzed by 
mRNA in situ hybridization for PSCA expression. Speci 
mens were obtained from primary tumors removed by 
radical prostatectomy or transurethral resection in all cases 
except one. All Specimens were probed with both a Sense 
and antisense construct in order to control for background 
Staining. Slides were assigned a composite Score as describe 
under Materials and Methods, with a score of 6 to 9 
indicating Strong expression and a Score of 4 meaning 
moderate expression. 102/126 (81%) of cancers stained 
strongly for PSCA, while another 9/126 (7%) displayed 
moderate staining (FIGS. 11B and 11C). High grade pros 
tatic intraepithelial neoplasia, the putative precursor lesion 
of invasive prostate cancer, Stained Strongly positive for 
PSCA in 82% (97/118) of specimens (FIG. 11B)(Yang et al., 
1997, Am. J. Path. 150: 693–703). Normal glands stained 
consistently weaker than malignant glands (FIG. 11B). Nine 
Specimens were obtained from patients treated prior to 
surgery with hormone ablation therapy. Seven of nine (78%) 
of these residual presumably androgen-independent cancers 
overexpressed PSCA, a percentage Similar to that Seen in 
untreated cancers. Because Such a large percentage of Speci 
mens expressed PSCA mRNA, no statistical correlation 
could be made between PSCA expression and pathological 
features Such as tumor Stage and grade. These results Suggest 
that PSCA mRNA overexpression is a common feature of 
androgen-dependent and independent prostate cancer. 
PSCA is Expressed in Androgen Independent Prostate 

Cancer Cell Lines: Although PSCA was initially cloned 
using subtractive hybridization, Northern blot analysis dem 
onstrated Strong PSCA expression in both androgen 
dependent and androgen-independent LAPC-4 Xenograft 
tumors (FIG. 9). Moreover, PSCA expression was detected 
in all prostate cancer Xenografts, including the LAPC-4 and 
LAPC-9 xenografts. 
PSCA expression in the androgen-independent, androgen 

receptor-negative prostate cancer cell lines PC3 and DU145 
was also detected by reverse-transcriptase polymerase chain 
reaction analysis. These data Suggest that PSCA can be 
expressed in the absence of functional androgen receptor. 

Example 2 
Biochemical Characterization of PSCA 

This experiment shows that PSCA is a glycosylated, 
GPI-anchored cell Surface protein. 
Materials and Methods 

Polyclonal Antibodies and Immunoprecipitations: Rabbit 
polyclonal antiserum was generated against the Synthetic 




















































